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ABSTBACT . ' . , . 

This mcn'ograph contains a variety of selected 
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sludge process in wastewater treatment operations. Part 11, 
Instructional Onits, contains selected .portions of existing programs 
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A' . FOREWORD ' . 

'Hie Nati9nal Trairiing Operational Technology Center in cooperation with 
Ohio State University is offering 'an Instructional Resources MonograpTi Series. The 
monograph series is an ^extension ,of the information provided in the "Instructional 
Resources Information System" (IRIS) for water quality. 

• This docu^ment is one of jthe Instructional Resources Monograph Series. These 
documents will assist the professional in identifying and locating instructional and 
reference materials related to various technical aspects of water quality control. 
Emphasis is given to items useful -in the development and presentation of 
wastewater treatment training programs. " 

Each. monograph reviews the technical aspects of a pollution control process, 
provides representative examples of available instructional materials, and includes 
an annotated bibliography plus additional- references. 

Your comments and suggestions regarding these publications are invited. 



Walter G. Gilbert 

Director 

NTOTC 

Cincinnati, Ohio - 



This monograph has been reviewed by the U.S. Environmental Protection 
Agency and approved for publication. Approval does not signify that the contents 
necessarily reflect the views and. policies of the U.S. Environmental Protection 
Agency, nor does mention of trade names of commercial products constitute 
endorsement of recommendation for use. 
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. . ■ - y PREFACE. ••• 

. ' ' .\ r . 

This monagraph .contains a variety of selected materials 
related to wastewater treatment dnd water quality education 
•and instruction. • Part I presents . a brief di6cus?ion of tfie 
activated sludge process in wastewater treatment (Operations. 
The overlying premise is that operator training ' is a vital 
part of the operation of a was'tewater treatment facility. Also 
^included in this * section aire procedures, to illustrate 'how 
•instructors and training, pexsonnel, in t"he ' water quality 
control field can locate instructional materials , to meet 
general pr specific program requirements. 

. Part II, Instructional Units,- are' selected portions of 
existing programs which . may be 'utilized 'in implementing - a' 
training -program fo> the activated sludge process. Each. unit, 
has. been selected- fof- -its ' rei^resentativeness to training 
l^vel, subject area and^ instructional approach. A reference to 
the source where the unit may be .found in more .detail is 
.included. (A list .of additional' references for those materials 
currently/ available" through the Water Resources Center, ERIC, ' 
and IRIS systems is fpund at the end of -Part 11.) , 

" It is hoped that the instructors and trainers . who -us^V 
these materials will recOgnfze 'that the instructional .units 
he.rein serve only-as a guide 'in selecting ^ppxCpriate trailing 
materials and .should not be ' considered a fixed' s-t-ructure. It 
is^ recommended that instructors check- for other . activities 
appropriate , f or^: use or ta adapt for use '"in their »own 
particular .si tuaii-pn. ^ - . l^..------'*''''^'^^^ 

For _furthaf .information about these' materials contact: 

^ .■ EPA Information Di&s^minat ion 'Project ■ 
1200 Chambers Road, 3rd Floor. 
; "/jColumBus, Ohio 43212 , • * 3 

' ■ ^ \*/: 

/ -P^hbne: 614-422-75^3. 



Part I The National^ Training- and Technology Center 

/ ^h^ Sel'ected Information Soutces . • *^ * • • : " - ^ 

Part ill ins tr^uqtionar Units.' . • - • • • • . • ;* 

Part III: *; Abstracted Rei^rence Material's. 

Part , IV: Reference i^aterlals, -Not. Abstracted. . • • - • 165^* 



• PART 'I 

The National Training and" 
Operatl^'hal Technology .Center 
and' Selected; Infonnat ion Sources 
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•■ ' THE NATIONAL TRAINING pkx) OPERATIONAL 
* • . " - . TECHNOLOGY CENTER 

• • ' The- "entire -pro'gram responsibilicy for -water pollution, 
•control training Within the EaViron^ental Protection Agency, is 
■assigned to the -National Training and Operational - Technology 

• Center- <NTOfC-), 'located at EPA's Environmental Research Center^ 
i-n Cincinnati," Ohio. _ .'■ 

The NTOTC is- responsible for conducting" training 
sessions, developing ' instructional- materials and ,c6urses 
providing training assistance-, operating the Instructional 

■-Resources Center, arid d.evel6pihg .operational technology. The 
jCenter "is ■ also ' res-pohsible for the 'management of ■ the Section 
'l04(o)- operator training grant program, the academic training 

; grant: program; o^her -training ■ grant and dontxact programs, and 
■related' training, attivities. .- ■■ 

'■\ As an. instructional resource, NTOTC's purpose- is to h^p 
"t-egtc^ns, states-, local governments, an^^ educational 
■instibutions becomfe knowledgeable abo^t . tlxe Environmental 
Protection Agency's goals, regulations", - and- strategies, as 
well as the implications of EPA programs. 

Activities encompass three categories: (D instruction; 
(2)-course development;" and (3) information management. ■ . 

;• -V-' 

- Instruction - 

• ■ • -■^'H- 

NTOTC of fer^j; a variety of training courses in water 
quality co'ntrol. ' Sijch . courses are taught at many locations 
but most are preserii;ed at the Environmental Research Center in 
Cincinnati, Ohio. . Area training . centers will soon act^ as 
Satellites to the NTOTC program, offering similar courses and 
iLtructional support. Select universities with biroad 
■ pof^ution control cuT-ricula will act as area traini^ig centers 
witAin a regioiu As a":resul.t, more poll^tion control personnel 
. vilJ. have access to needed specialized^raining. ^ 

' I Some courses are conducted at wastewater treatment 
■ -plants enabling USEPA" to work directly with plant personnel 
to improve treatment" plant effluent. While working on site at 
treatment plants, staff can- diagnose and discuss particular 
problems and provide^ informati.on on design and operation to 
maViy " technicians within the local region. 

V Courses currently are" of f &red in five general categories: 
wastewater treatment technology, treatment facility evaluation 
and \ inspection; water quality surveillance and monitoring, 
water quality analysis, and drinking water quality monitoring..- 



-Students attend courses from all states, and from some 
foreign countries; The largest percentage represent federal, 
state, arid municipal' pollution control agencies: A relatively 
small number .of college and university . instructors attend 
these sho.rt courses which, are typically, one week in length.' 
USEPA encourages more participation by the . educational 
;^community so that current skills and knowledge will be 
■transmitted "to students to enable' them to deal with pollutipn 
control problems as they, enter environmental .occupations. 
Community college and university instructors may attend 
^courses free of charge t>y following prescribed application 
procedures. - • ^ ^ 

• # 
Course Development . . 
A ■ ■ 

NTOTC^is active in the field of _ course developraerrt . "As- 
new educational and training needs ' are' identified , appropriate 
^instructional packages are developed. - Almost all such 
development is based .on ' current * research and ^agency 
regulations; . Materials include instructgr guides, student 
manuals and supporting audicKrisual materials. If USEPA'S 
pollution control training programs are " to be successfully' 
implemented, college and university staff from various 
departm^eaits must 'cooperate and integrate these instructional 
activities within their curricula; or students will not be 
^adequately prepared, either theoretically or practically. 

' 'Information Management ' ■ ^ , . 

The goal of USEPA's information management system is to ' 
support, ±n a comprehensive' . and systematic manner, those 
involved with pollution control' education and training. A 
central location within the NTOTC facility is designed to 
provide a contact point and to- coordinate assistance efforts 
and ha^ beea -designated the Instructional' Resources Center 
(IRC). / . - * . 

Through the IRC, NTOTC maintains a central location to 
inventory^ evaluate, catalog, and disseminate instructional 
materials in the areas of water pollution control, water 
supply, and pesticides. The IRC provides those involved in 
water quality control education and- training with an 
information ^ management system and acts as a primary 
communications link .between the Environmental 'Protection 
Agency and educators at all post-secondary levels.- Activi-ties 
of IRC, include: _ 

. , IRIS 

The^ local'- point 'of . the IRC is the Instructional 
Resources Information System (IRIS), a compilation 
of abstracts ^on print ^ and ■ non-sprint ' materials 
related. to water quality and -water resources 
education. Obtainab-le in paper, microfiche, and ■ 
computer versions, the IRIS contains: more than 3,000 
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entries from local. ■ state, and- federal government 
sources, as well as from private • concegs and 
■educational institutions. -The f/ 
to discover what material can ^ 
title, tAie author, cross references, and a brief 
abstract describing- the content. IRIS users can also 
readily determine where the, material , can be 
obtainea, whether it can be purchased, borrowed, or 
Rented, and the cost. The IRIS is k-ept_ Qurrent 
through constant revision, adding new material as it 
becomes- available' and deleting outdated 
information. ■. , 

IRIS can be scanned foV a particular subject or . 
author, both ■ by hand ' and by computer. Any 
institution with appropriate ^o-^P^.^^^^^ !™^"^^' 
access the search and retrieval capabilities, of the 

system. 

' Audiovisual Library 

The IRC facilities include an audiovisual library 
equipped with ■ individual- study carrels for viewing 
movies, videocasseti^s, slide/tape presentations., 
filmstrips, and tape programs. Before determining 
curriculum requirements or -making PH'^chases 
educators! can use the library to review water 
quality-oUented materials for use in training^ 
courses^ 

Nearly 200 of -these' audiovisuals are .also 
available .to instructors . for free, short-term loans. 
Not ^ intended as self-instructional units, the^ 
materials are meant to be' used as -part of a complet^ 
■ training- .program. A catalog of audiovisual units can 
be obtained through the IRC. ^ ^ 

; Workshops ■ ; " ^ 

' '^b7... center also condupts -^.^ ^"^^^^j"^ 
'■ water-related workshops each. year. Designed for 
Ttate and local agencies, as ""1 
■university educators,' thes« seminars enable 
individuals to become familiar wl^th USEPA developed 
and sponsored resources, descriptions of ongoing 
■programs,, and specific instructional, techniques. 
^Participants also assist NTOTC in determining 
irtstructional priorities. 



•■• ' ^ ^ IRC Bulletin ^ ; ' ' ' ' 

The I^C maintains communicatioTis with its users 
" through . the IRC Bulletin.^ Published approximately 
six. times, a yea ij and mailed to J.n*terested parties <at 
• no charge, the Bulletin provides * current news on IRC 
events. -It alsio includes descriptions of model 
programs, current . instructional ^materials available, 
and education strategies^ . Articles for. the Bulletin 
are accepted from various organizations, education ' 
institutions', and governmental agencies, . 

. Interested persons are' invited to Cincinnati to use IRC 
facilities for reviewing tapes, slides,* films, and' other 
materials before deciding about purchases or curriculum 
development requirements. IRC. staff assist visitors by 
determining the most appropriate ways/ to use the Center's 
respux*ces, or in determining'^educational and training ' program 
requirements and available resources. During the past year, 
universities ,and ^ state and ' local governments have been 
assisted with carriculum design, .course materials, selection; 
and audiovisual support efforts. ■* - ^ . - 



THE INSTRUCTIONAL RESOURCES 
' INFORMATION SYSTEM 



General Information about Mate rials . In IRIS^ - . - 

The EI'A Information Dissemination Project acquires,/^ 

reviews, indexes, and makes available both print and non-print 

Sterials related to water quality and water resources 
education and instruction. 

• ■ Before materials are Entered into IRIS the^r are reviewed 
by the project staff. Availability of the material is ^becked, 
and :the materials are abstracted and indexed. The abstract 
^escriijes the contents of the material. 

• ■ When items are processed they are entered on the IRIS 
computer tape "niaintained by the EPA Information Dissemination 
Project at The- Oliio State University. These tapes are used for 
producing tapes, for other information systems, publications 
and for^ computer ^ searches conducted at The Ohio State 
University. . " ; - 

Materials entered inlfo the IRIS collection can be located 
by manual search or by computer. The first c°'"Pil^tJ°" 
contains " resumes of selected ■ materials processed .for the 
previous IRIS collectiop and resumes of selected materials of 
?tems added to the IRIS collection during '1979. Quarterly 
updates of the IRIS compilation are available by subscription 
on a^early basis. ^ 

/ A number of the materials processed for the IRIS system 
are entered into the ERIC system and announced in Resources in 
Education (RIE). Most of the materials announced in • RIE are 
available on microfiche at various sites throughout the United 
States. Users can view these materials on site- at many 
locations to identify what they believe will be useful to them 
at no cost. ' ' = 

Description of Information in Resumes ^in^IRIS 

Two samples of resumes are provided. to explain the data 
fields in the resumes. Sample resume //I is a sample '^^"■"^ 
an item not entered in . ERIC. Sample resume is i» sample 
JLume of-Tn item entered into ERIC; a. few additional data 
elements are in these resumes and are explained. ■ . ■ 
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Sample resume of materials not entered into ERIC. 

a. • IRIS NUftBER: EWO03059 
b; PUBLICATION DATE: 1978 

c. TITLE: WATER POLLUTION MICROBIOLOGY,. VOL. 1 
dV^ PERSONAL AUTHOR: MITCHELL, RALPH , ' ' 

e". DESCRIPTOR: BIOCHEMISTRY; *COLLEGE SCIENCE; DISEASE 
CONTROL; ECOLOGY; *ENyiRONMENTAL ' INFLUENCES- 
■ *INSTRUCTIONAL FlATERIALS ; *MICROBIOLOGY; NATUR^ 
RES0UR(;ES;- *P0LLUTI0N; *PUBLIC HEALTH *WATER 
POLLUTION CONTROL; WATER QUALITY 
.DESCRIPTIVE NOTE: 442P. , ' * 

g. ABSTRACT:* THIS -VOLUME^ COi?TAINS INFORMATION'- FOR' 
ENVIRONMENTAL AND Si6JITART:::BJGINEERS, PUBLIC HEALTH 
SCIENTISTS AND MICROBIOLOGISTS CONCERNED WITH WATER 
POLLUTION.. IT EXAMINES .MICROORGANISMS AS CAUSITIVE 
AGENTS • OF- ECOLOGICAL -AND PUBLIC HEALTH HAZARD^ IN 
NATURAL WATERS, AND TREATS THE USE OF MICROORGANISMS' 
IN POLLUTION CONTROL 'FROM A VARIETY OF PERSPECTIVES. 
(CS), 

h. AVAILABILITY : JOHN WILEY & SONS , ■ ONE WILEY DR. , 
SOMERSET Nj; 0887:3 ($24.95) ' . ' 

a. IRIS- NUMBER— this is, the identification number 
sequentially assigned" to materials as ^ they are 
processed. Gaps in numbers mean that some items have 
been deleted, are being processed -to add new 
information, or have beej^ delayed in processing for 
some reason. - ' ^ 

b. PUBLICATION DATE—date material was published- 
according to information on the material. 

• c. TITLE . ' 

d. PERSONAL AUTHOR— person or persons who wrote, 
compiled, or edited the material. Up to two personal 

. authors can be listed. 

e. DESCRIPTOR — subject terms' which characterize 
substantive contents and form of the materials,^ The 
major terms are preceded by an .asterisk. Terms used 
tO' index all reslimes in this compilation can be 
reviewed in the Subject Index. 

f. DESCRIPTIVE NOTE— various items of, information may be 
contained ^ in this section. For print materials the 
number of pages is usually listed. 



2. 'ABVTRACJ^ome early materials entered into IRIS did 
hottTve abstract infortnation. All materials 
currently liing entered into IRIS haye an informative 
; abstract that describes the contents of the item. 

h. ' AVAILABILITY— information in ^ this ^ field indicates 
' ' where the m^erial can be obtained and the price of 
the m^eterial quoted the last time information wds 
received from the source. Please note:.- prices of 
'nearly all materials are subject to changes and may 
^i^ot be accurate at the time a persoji orders a 
specific item. 

Sample resume of material entered into ERIC 

( Resources in -Education ) ' ' 

Item entered into ERIC ( Resources in: Education) ■ 

will have a. few additional data, fields. ■ ■ ^ 

^IRIS NUMBER: EW002998 ' V ... 

a. ERIC NUMBER: EP151236 " * 
PUBLICATION DATE: SEP 77 ' * -t-t 
TITLE: CHLORINATION. TRAINING MODULE 2.300.2.77. . 
INSTITUTION" CODE: BBB08399 - • 
SPONSORING AGENCY CODE: BBB15379; FGK21436 

■DESCRIPTOR: *CHEMISTRY; *INSTRUCTIONAL MATERIALS; 

■ *POST SECONDARY EDUCATION; SECONDARY EDUCAT..ON; 
*TEACHING GUIDES; *UNITS OF STUDY; WATER POLLUTION 
CONTROL; *CHLORINATION;*WASTE WATER TREATMENT; WATER 

• TREATMENT ^ „t ,tc 

b. EDRS PRICE:' EDRS PRICE' MF-^83 HC-$3.50 PLUS 

POSTAGE ^ 

DESCRIPTIVE NOTE:' 60P. FOR RELATED DOCUMENTS, SEE? 
SE024 025-046 ~. ' . . 7 

c. ISSUE:- RIEJUL78 ^ / / 

• ABSTRACT: THIS DOCUMENT IS AN INSTRUCTIONAL MODULE 
PACKAGE PREPARED IN OBJECTIVE FORM FOR USE Bt AN 
INSTRUCTOR - FAMILIAR WITH CHLORINE. THE REA«)iIS ■ FOR 
CHLORINATION AND SAFE OPERATMN AND MAlNTfflJ'ANCE OF 
GAS CHLORINE, DRY CALCIUM, HYPOCHLORITE AND LIQUID 
SODIUM HYPOCHLORITE CHLORINATION SYSTEMS/ FOR WATER 
SUPPLY AND WASTEWATER TREATMENT FACILITIES ARE GIVEN. 
INCLUDED ARE OBJECTIVES, INSTRUCTOR GIUDES, ' STUDENT 
HANDOUTS ■■ AND TRANSPARENCY MASTERS.'' /THE ■ MODULE 

-■ CONSIDERS PURPOSES OF CHLORINATION,' P.ROPERTIES OF 
CHLORINE, METHODS OF ' CHLORII^ATION , SAFETY, 
MAINTENANCE OF CHLORINATION UNITS ^AND' . INTERPRETATION 
OF TEST RESULTS. ■ (AUTHOR-ZRH-) . •/ / 

d. INSTITUTION NAME? KIRKWOOD COMMUNITY COLL., CEDAR 
RAPIDS, IOWA. ' / . \ 
SPONSORING AGENCY NAME: DEPARTMENT ,0F LABOR, 
WASHINGTON, D.C. ; IOWA STATE ,DEPT. OF ENVIRONMENTAL 
QUALITY, DES MOINES. 



How to Locate Desired Materials in IRIS 



Users can identify materials of interest by s-c^ning the 
resume lis^ting, or using the' Subject Index, ^^a^^fJor Index, 'or 
Ins.titution Index in the iRIS Compilation^ ^ 




The Subject Index is dea^^^ ■ t(^ enable . th^.<^ser to.- 
search for information on^^j^^^^ner a-bXoad* subj^c^^^'^r a narrow 
information concero^s^^S^S^^W .number is inc^ai<ie3' for .ea^jT' 'item' 
listed underj^j^=^sirbje(5t^ heading. . Jhe^^^ fo the 

. abstrac^^ss===fnEry'^ in-, ^ x^^^C^^ 5ect'iaR<r^here compile 
bltki^^^ap^iic inf ormati^iijai'^'^rr^ absjC'ra"^rr of '"'the . Item, and 

"availability .info rm^^Ci^^tica n be-<found«-^ 



* A ^serT can '-also ^^oordinate a search by checking ; EW 
numbers that appear. under -two or more subject headings. For 
jcamplev^^you^.eouid check -all the, EW numbers under- Water 
Trea^tin€tit ■ and" all >t;hev;EW numbers under iFilms.. EW numbers 
. .inclu^i^d under*both ^subject headings would include infoiination 
y relevarit^ t.o^- Water.-Treatment that -were fildis. EW numbers under, 
, /Wastewater treatment and laboratory techniques would provide" a 
'"^'li^t ' OiF. jflaterials related ' to laboratory techniques/ and" to 
ttewater treatment. Similar ^techrii^^es could be us.ed to^ 
'^identify other-'information desired. 




If you desire to locate^..,,>ai-4^u^^ by the name of the* 
author, you can u*se «^he. Ajitl^or Ind^. -^EW numbers are provided 
under the author in tKe Author Indek\'as in the Subjecr^iit^ex. 
Some documents do notl ha|e a listed author. These yi^uments 
-are listed under the dame of the institution or oif^nization 
responsible for develfepirtg the dociiment in the^nstitution 
Index. Both sources ^canBSrvsed to belp you loca^^^ocuments. 

TheV|RIC System f \ 

Another excellent source of Xeducational/ inforaation and 
materials is . the ERIC, system. ERlCM5......a_n3^onal' information 

system designed aJid developed by the U.S. Office of Education,' 
and now supported and operated by the National Institute of 
Education (NIE), for providing ready access to, descriptions of 
exemplary programs, research,. ' instructional materials , 
teaching guides,' and other related information that can be 
used to develop effective educational programs. 
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There arfe 16 clearinghouses in ^ the nationwide ERIC 
network. Each clearingtiWe has responsibility^r" collecting 
and analy:ilng material^ related to their scope- . 

ADuA, CAREER, ANtS VOCATIONAL EUUCA'TION 
■••The Ohio State /University 
Center for Vocational; Education * . 
WeO Kenny Road 
^ Columbus, Ohio 43210 . ' 
/(/614) 486-3^55 . . ^ 

// /V ' • 

//COUNSE^^ING^ AND PERSONNEL SERVICES ^ ■ . ■ ; 

Universit^ of ^ Michigan . , no ' * 

' 'School o/ Education Building, Rm. .2108 • ^ 
AnA*Arb6r, Michigan. 48109 . 
(313) 764-9492 . \' * r ' 

: / • -/ • ^ 

ELEM#TARY AND EARLY CHILDHOOD EDUCATION 

l^iyersity of Illinois 
Col'lege.of Education ." 
80'5 W. Pennsylvania \ . » . 

Urbana, Illinois 61801 ^ . 
(217) 333-1386 * • - ■ 

EDUCATIONAL MANAGEMENT 
University of Oregon 
Eugene, Oregon^ 97403 ^ ' . 
(503) 6a6-5043 ' , -v. . ^ * 

HANDICAPPEI? AND" GIFTED CHILDREN > . 
.Council for Exce^)tional Children 
1920 Association Drive ^ 
Reston, Virginia 22091 

(703) 620-3660 ' ■ Z^^" 

HIGHER EDUCATION 

George Washington University ' \ 
One Dupont Circle,' Suite 630 
Washington ,nC-M036 

(202) 29>-^97 

^y"^ ■ • ■ 

INK^^TION RESOURCES ■ " ' . ' 

Syracuse University 
School of Education ' 
Syracuse, New York . 13210 
(315) 423-3640 ' v 
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. JUNIOR COLLEGES ' ■ 
University of California at Los Angeles 
Powell Library, Room 96 * " - 

•Los Angeles, Calif brhia 90024 
(213^) ^75-3931 

LANGUAGES'., AND LINGUISTICS. ' " 

'3520 Prospect St. , N.W. ' - . 

Washington.,\ DC 20007. 

(202) 298-9292' ' . . 

''READING- AND COMMUNICATION SKILLS ■ • . ' - 

National Council of Teachers of English 
1111 Kenyon Road - 
Urbana/ Illinoiis 61801 

(217) 328-3870 ^ - - ' 

RURAL EDUCATION AND SMALL SCHOOLS 

New Mexico State -University ^ ' . 

Bbx 3AP . ' . . 

ias Cruces, New' Mexico 88003 * / 

/(505) 646-2623 ^ . . ' / 

SCIENCE, MATHEMATICS, AND ENVIRQ^^MENTAL EDUCATKN y 
*^The Ohio State University, , f 

>.20'0 ^Chambers Road \ Third ' Floor ^ • • - 

Columbus, Ohio^ 43212 . * ' ' ' ■ 

(614) 422-6717 ■- ' 

SOCIAL STUI5IES)S0CIAL- SCIENCE EDUCATION /7: ':-.. 
'855'. Broadway 1 - ■ /■ ' '/ ' 

Boulder, Col^-rado 80302 .' . . \ 

' (303) 492-8434 \ • / ' - 

■* * ' \ 
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, THE ACTIVATED SLUDGE , PROCESS 



• Activated Sludge 

Activated 'sludge may. be defined as a biological wastewater 
treatment i,procfes?'' in - which a mixture of wastewater and 
biological flot (microorganisms) is mixed and aerated for' the 

"purpose of converting non-settlable dissolved and colloidal 
material to -a s^ttleable form. The biological ^loc is then 

> removed from th^e,'' treated wastiewafer by , sedimentation and 
returned to the process as^ needed or vaste'd. 

The' activated sludge process compresses, in both time and 
' .space, aerobic /bioiogfcal' reactions which occur naturally in 
streams'. This naturally -occuring process of. decay may, 
'however, take several ' hours or even days in a rece-iving water 
and is of ten ^accompanied by undersirable effects such. as: low 
'dissolved 'oxygen (DP), septicity, odors, deF>osition of solids, 
etc*. 'By concentrating the proper microorganisms, providing an 
adequate /Sxygen Supply^ a settling tank to concentrate the 
^- microorgani'sm^ and, provisions for returning A them to the 
ptocess,' smaller volumes and shorter d^te^ntion times may 'be 
«used to complete the biological reactions. 

_The objective- of the activated ^ ^udge process is to 
convert ncri-settleable biodegradable pollutants to settleable 
solids tHereby producing^ a edified effluent low in total 
'\suspended solids (TSS) and biochemical oxygen^ demand (BOD). 
" Thife is accomplished by microorganisms u^tilijzlng the organic 
-material ^in the wastewater for both energy and "new cell mass. 
Microorganisms, however, can use only soluble' organics which 
readily p^ss through thei^ cell- membrane. Suspended particles 
^ must first be 'absorbed onto the surface of the ^bacterium cell 
-and' then broken down by enzymes, before they -can. be absorbed* 
into' . the cell ' and ^meta.bolized. The bi'ological reactions 
^ a'ssociatred. with ^metabolism stabilize the waste by conversion 
«'o£ biodegradable organics to new " cell mass a,nd the waste 

• products fof -. -carbon dioxide , (CO2 ) and water (H20).^ Both 
sorption Reactions, require intimate -contact • between the' 
wast^ter^ and the activated ^ a^ludge. - Adsorption takes pla'ce 
qu^^klyVaiid is • usually - completed in ' 30^in»tes- "or- less whil^ 
abSoriJticm takes place 'much more siowiy - 12^ hours).. . 

Microorganisms reproduce by -a mechanisbw known as binary 
fissipn. If an unlimited supply, of food is a^ilable and the 
proper amount of nutrients are available the\ microorganisms 
will reproduce at a very rapid rate. This is \cailed the log 
growth phase . Several factors affect the rate kt which growth 
occurs. Among these are: temperature, pH, of' food, 

nutrients present, species of microorganisms^ .and .toxic . 
substances. The growth rate decreases ae — rood becomes 
limiting. This phase is ^known as the declining growth phase . 
In the endogenous phase the energy requirement- (or. that energy 
.energy needed to maintain life functions and cell integrity) 



exceeds the externally available' food source. When this 
happens the microorganism begins to break down non-essential 
intracellular component's i-n an effort to maintain vital life 
functions* , i • 

The activated sludge system is a complex- aerobic 
biological wastewater treatment process that requires diligent 
and consistent' process control to maintain process equilibrium 
and final effluent quality." Numerous techniques and strategies 
for managing these systems have been prbposeil and used. 

\ - . , ■ 

Activated Sludge Processes - ^ ' • 

A typical' flow * schematic * for the conventional Activated 
'sludge' process^'' is shown in figure 1. , The aeration basin 
provides, space for contact b'e<:ween the wastewater, 
microoganisms, and oxygi^n. It also^ provides detention time 
which allows the microogranisms to assimilate the organic 
materials jLn the wastewater. An air supply system (diffused or 
mechnical) supplies oxygen to keep the basin aerobic and also 
provides mixing energy to keep the microorganisms dispersed 
throughout .'the tank. ■ / " - . ^. . 
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Figure 1 - CONVENTldNAL 



The^ final - clarifier follows the aeration tank in the. 
conventional activated sludge process. This unit provides 
space, time and quiescent flow conditions to permit the 
suspended solids to separate from the mixed liquor to produce 
a . clarified- supernatant and a concentrated blanket of 
activated sludge solids. Most of the settled, solids are then 
returned to the aeration^ tank. However, since the activated 
sludge ten'ds to accumulate in the system a portion of the 
clarifier sludge must be removed from the system. and "wasted" 
to the" sludge handling system for treatment and' disposal. This 
excess sludge is known as waste activated sludge.^. 
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Over the*. years, several variations of t^iis conventional; 
system have evolved, the most common being:\ tapered aeration, 
step-feed, contact stabilization, and^ compiete-mlx activated 
sludge. The tapered aeration process provides a greater^amount 
of air' at the head end of the aeration ba3in to help satisfy 
the greater oxygen demand that exists there. Xes^air is 
'supplied at the outlet and of the basin where mos^ of the 
oxygen demand has already been sati^fi^d. j 

* The principle Sof step-aeration- is to distribute the 
incoming wastewater^ lojad the length of the aeration basin. 
Step-feed (Figure' 2)' would probably be -a more accurate 
description of this .process since multiple feed locations 
s"pread the oxygen demand over more of the basin resulting iti a 
more efficient use of the oxygen. 



Influent 




Return Activated Sludge 



Y ' Waste Sludge 

Figure 2 - STEP AERATION 



Contact-stabilization (Figure 3). can be thought of as an 
extreme of the step-aeration process. In this variat/on only 
return^ activated sludge would be aerated most of the tank 
length with the wastewater being added near the end.' There the 
wastewater is mixed briefly wi-th the activated sludge to ^How 
the organic waste to be^ adsorbed onto the biological floe". 
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Figure 3 - CONTACT STABILIZAtlON 



The sludge is settled out in the clarifier and returned to the 
stabilization tank where it -is aeratted f or a ■ longer time to 
' permit t^e bacreria to break down the adsorbed organicg. The 
contact-stabilization pcocess . offers several*, advantages over- 
conventional^ activated sludgey including reduced tank volumes,' 
h'igh, sludge inventories and t^he -benefits of . a sludge buffer 
during times of. hydraulic overload, ,^ . ** , , ' 

Complete .mix (Figure- 4) -activated \ludge provides some 
protection against shock Ipads by dispersing -the influent- load 
along the entire length of the^^ration tank.. 
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Figure 4 - COMPLETE^MIX 




,Thfe'' process flow 'diagram- for extencted 'aeration " is 
essentially the same as that *f or conventional*^ activated sludge 

-except these plants usually have no primary treatment and the 
aeration basin Is sized for an ^8-24 hour^ detention period 

'rather .than the "6-8 hour^per.iod common for conventional 
plants. The long aeration period * and high . sludge age 
associated with these plants produces a'nltrified efUuent a-nd 

^a stable, rapidly settling; partially digested sludge. 

' Another variation of the%ctivdted' kludge proces^ w^l^h is- 
gaining in ' popularity in, the U.S. • is the ..oxidation, ditch. 
•Originally developed in Europe it is es>entially an,.ex;:enaed 
aeration plant with a "race track"' coafiguration. Surface: type 
aerators'are*used to provide aeration :an^ . ci'rculation around 
the. ditch. ' >. ' - • .> 

Recently, high-purity oxygen ha s^. come Into widespread use 
as a subsxitute for air in the acti^yated sludge process. To 
"Trevent^the .loss of oxygen to- the atWsphere these aeration 
basins are usually covered and the o^orgen recirculated Xhrough 
several stages. -Mixing, is " -accomplished either with - surface • 
mechanical aerators -or submerged rotating spargers. Because of 
the' .Enhanced oxygen transfer >uch. smaller tanks ^ can .be^ 
desig'nedaW ' . '* • . . * • ^ . * ^, 

^ ' The "purpose, of * the final ' clarlfier . is " to separate 
activated sludge 'solids from the ■. Ifquid - .streaim and, to. 
"concentrate these solids ' before they ;are .returped to the 
'process. The final clarif ier " may be .operated a s solids 
' stlora'ge reservoir ;or with, a^constant solids-:inventory, • 

As discussed earlier, several factors affect the activated 
^sludge process. Some of ..the more U-mportant factors . are: the 
microorganisms,, -the, - incoming, food, temperature, detention 
time,^ nutrients and; toxic substances. The - operator of an 
activated sludge- facility usually has direct, control of the 
recycle ratej the wasting rat-e and^'the air inp<it. - In. addition 
^to these controllable variables the. -operator also has, limited 
control over the volume under" aeration,- the incoming 
wastewater (through sewer us^ control) and can^ use . chemical 
additi^>es for improved settleability. ., - " . 

' -'\^ate^eT control str;ategy, is 'used, the objectives should 
" be to: cohtrol the solids inventory,, control, the distribution,, 
of solids between the clari^if^r .and .the aeration basin and .to 
* control the sludge ^^^ratioA ' time. Some of the better .known^ 
' control str-atLegles at'e based on food to microorganism- ratio 
(F/M) mean ceil 'residence time (MCRT), constant-mixed, li<luor 
suspended 'solids, respiration rate and sludge settleability. 
There is no universal number for these parameters, that will 
work for every plant. '.The be^t value to be used |or process 
control must be determined for each' plant indivldn^iy... There- 
is also no single parameter which will, tell the .^Jperator the 
cbmpLete story. The operator must ' combine inf qr^ation ,f rotrt 
' several parameters to get- the complete picture; necessary^^ for 
accurate process contrpl decisions. ' 



SAMPLES OF ACTIVATED 
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Training Sample^ ^ \ i 

-Process Stact-Up rtxycednres' y . / • 

Training Program . - , 

•Kerrl, K... D."^ , ' _ - ; • , 

Sacramento^ State College ^ ' 

Department of Civil Engineering 
' 1970 > ' . ^ „ " 
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• Procedures 7or starting the activated 3l;<^f f "^^^/^ 
outlined in this lesson. An initial average daily fl^^°^J*:" 

S wiU be assumed; and- the plant will be opera^ as a. 
conventional, activated sludge plang:;. ■ . 

■ Staft-up help should 'be available ^ from the design 
engineer vendors^ nearby operators, or o^he- spec.aUs. J. 
' During start-up the equipment manufacturers . should be P'^^sent 
S be sure that any equipment . breakdowns are not caused by 
improper start-up procedures. ■ • . ^ .. 

The opera'tor may have several options in the choice of 

time reduced chances of sl.ollds washout, and provides the 
opportunity to^iise Wt; of the equipment for a good test of 
Ttraccepibility 'and workabiUty before the end of the 

warranty.- ■ ( * — . 

First Day > . ' ■ 

- • First start the air blower's and have air passing through 
' rhP diffu'sers before primary effluent is admitted to the 

•ferationrnks. S prevents diffuser clogging from material 

In. the primary '^fluent. • - : ^ 

Fill both aeration tanks to the 
depth, thus allowing the ^"ation equipment to operate^ at 
maximum efficiency. Employing all of t^e ^"^f/^ "'ij 

provide the longest possible aeration time, ^/"f" 
build up a population with a minimum, amount of ^ff^^, "J^anlsms 
and you will need all the aeration- capacity available to . give - 
the organisms a chance to reach the settling stage. -. • 

When both aeration«%^ks have been - filled, ^^^^^'^JJ^^ 
<:prondarV clartfiers.^ Use of - all the secondary 
Sari iers "u r^ovide the longest possible^ detention time to 
reduce washout 'of light solids containing rapidly growing 
organisms and will help- enhance solids build-up. ., 
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When the secondary clariffers are- approximately 
three-fourths full, start the clarifier collector mechanism 
/and return sludge pumps. Return sludge pumping rates must be 
_ad justed to rapidly return the solids (organisms) back to . the 
aeration tanks.^ Tlie" solids should never remain in. the 
secondary clarifiers longer than 1-5, hours; Trouble also may 
develop if the return sludge pumping rate is too high (greater 
than 50% of the raw waste-water flow), because the high flows 
" through the clarifier may not allow suf f icient , time for. solids 
to settle, to the bottom of the clarifier. A conventional 
activa^^^j^ sludge plant usually operates satisfactorily at 
return sludge rates of 20 to, 30 percent of raw wastewater 
flow, but the rate selected should be based upon returning 
organisms back to tiie aerator wher^ :they ^ can treat the 
incoming wastes.*^ A thin sludge will require a higher return 
percentage than a thick- one. Addition of a coagulant, or 
coagulant aid at the 'end^'of '''the aeration tank will hasten 
solids '^liild-up and improve effluent during start-up. 

When, the secondary clarifiers become full and begin., to 
overflow, start effluent chlorination to disinfect the plant 
effluent. / • 

Filling the aeration tanks and aerating the wasifewater 
starts the activated sludgej process. The aerobes in the 
aeration tank have food, . and are now being supplied with 
oxygen; consequently, this worker • population will begin to 
increase. .. , 

After two or three hours of aeration you should check the 
dissolved oxygen (DO) of the aeration tanks, to determine if 
sufficient' air is being suppliedl 

Check the DO at each end and- at the middle of the aerator. 
Oxygen must be available for the aerobes throughout the tank. 
If the DO is less than 2. 0 mg/1, increase the air supply. If 
the DO is greater than 2.0 mg/1 the air supply may be 
decreased, but not to the point where the tank would stop 
mixing. There will probably be "an excess amount of DO at first 
due to the limited number of organisms initially present to 
use it. ' 

The effluent end ' of the aerator should have a dissolved 
oxygen level of 2.0 mg/1. DO in the aerator should be checked 
every two hours until a pattern is established. Thereafter, DO 
should be checked as frequently as needed to maintain the 
desired DO level. Daily flow variations will create different 
oxygen demands; and until these patterns are established, it 
is not known whether sufficient or excess air is being 
delivered to the aeration tanks. Frequently excess air is 
provided during early mornings when the inflow waste load is 
low. Air supply may be. too low during the afternoon and 
evening hours because the waste load , tends to increase during 
the day. 
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Second Day 



Collect a sample from the aeration tank andr run a 
60-minute • settleability test using a 1000 ml |"duated 
cylinder. If possible, use a 2000 ml cylinder with a five-inch 
diameter in order to obtain better results. Observe Che sludge 
settling in the sa'mple for ■ approximately one hour. It will 
probably have' the same color a* the primary effluent during 
Che first few. days. After a few minutes in the cylinder, very- 
fine particles will start forming with a light buff color. The 
particles remain suspended, not settling, similar to tine 
particles of dust in a light beam. After an hour, a small 
• amount of these particles may have settled to the bottom of 
the cylinder to a depth of 10 or 20 ml, but most are still in 
suspension. This indicates that you are making a start toward 
establishing a good condition in the aeration tank, but many 
more particles are needed for effective wastewater treatment. 

Third throufzh Fifth Days 

During this period of operation the only controls applied 
to the sys-tem usually consist of maintaining tO concentrations ^ 
in the system and maintaining oroper sludge return '^ates.^A 
sampling program should be starred to develop and record the 
necessary data required for further pla'nt control. . . 

• Aeration of wastewater to maintain DO will require some 
time before settling wiU produce a clfear -liquid oje^ the 
settled liquids. Time is required for organisms tcj grow to the 
point where there a« sufficient numbers to 
needed-to produce an activated sludge. Usually within 24 to 
72 hours of aeration you will note . that the settleable^ solids 
do- not fall through the liquid quite so rapidly, but the 
liq.uid remaining above the solids is clearer. 

The active solids (organisms) are light and may wash out 
of the clarifier- to some extent^ Hopefully you can retain most 
of them, because a rapid., solids build-\jp will not occur unless 
. they are retained. A good garden soil, will add organisms ^d 
solids particles for start-up. Mi:i the . soil with wfter ^"^ 
hose in the lighter slurry, but try to avoid a lot of grit. A 
truckload of activated sludge from a neighboring treatment 
plant also will help to start the process. Hopefully you will 
•not have to treat design flows during plant start-up. More 
time is needed both for aeration and clarification until you 
have collected enough organisms in you return sludge to enable 
you to produce a clear effluent after a short period of mixing 
with the influent followed by settling. 

Sixth Day 

A reasonably clear effluent should be produced by the 
sixth dav. Solids build-up in the aeration tank should be 
closely checked using the 60-minute settleable solids test 
during the first week. Results " of this test indicate the 
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flocculating, settling, and compacting characteristics of the 
sludge. Suspended solids build-up is very slow at first but 
increases as the waste removal efficiency improves. This 
build-ap should "be carefully measured and evaluated each day. 

To obtain an indication of the size of the organism 
population in the aeration tank, the ' solids are measured 
either in mg/1 or in pounds of dry solids. Suspended solids 
determinations, for aerator mixed liquor will give the desired 
information in mg/l,.^*and the total pounds of solids may ''be 
calculated on the basis of the size of the aerator. 

Total Susp. ' 

<;rtHHc iKc ^ Suspended Solids, mg/1 x Aerator Volume, 

boilds, lbs ^ g 3^ lbs/gal 

The suspended . solids test conducted on activat*ed sludge 
plant "mixed liquor is normally a grab sample obtained at the. 
, effluent end of the aerator. The sample should be collected at 
the same time- every day, preferably during-' peak flows, in 
order to make day-to-day comparisons of the results. Collect 
the mixed liquor sample approximately five feet from the 
effluent end of the aeration tank and 1.5 to 2 feet belows the 
water surface to insure a good sample. A return sludgie sample 
also should be collected at this time every- day to determine 
its concentration. 

With information .from the- jlab tests, - estimates of the 
organism mass (weight) in the aerator can be calculated. 

Information Needed: 

1. Aeration Tank Dinffensions 

100 ft long, 45 ft wide, and 16.5 ft deep 

2. Results of Laboratory Tests 

Mixed Liquor Suspended Solids, 780 mg/1 
Steps to calculate pounds of solids in aeration tank: 
1. Determine aeration tank volume . 
Aerator ■ ^ " 

Volume, = Length, ft x Width, ft x Depth, ft 
cu ft 

x-45 ft X 16.5 ft . 
cu ft ^ ^ 
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2, Convert cu ft to gallons * 

Aerator * 
Volume, » 74,250 cu ft x 7.48 gals/cu ft ' 

gals - " 

« 355,390 gals ; - - ^ 

or = 555,000 gals ' (approximately) 

or * 0.55 MG 

3. Calculate pounds of solids u nder aeration. 
Formula: 

Solids 

lbs, = Mixed Liquor Suspended Solids, mg/i x 
Aerator Volume, HG x 8.34 lbs/gal 

« 780 mg X 0.55 M Gals x 8.34 lbs/gal 
1,000,000 mg 

» 780 mg X 0.55 M Gals X 8.34 lbs/gal 
M mg 

= 780 X 4.6* lbs. _ " 
=3588 lbs 



*The factor 4.6 lbs is equivalent to 0.55 x 8..3A^a constant 
for your plant. You will use this value every day as long as 
you use the same aeration tank capacity. Only a change in the 
suspended solids concentration will* cause a change in the 
pounds of solids in the aeration tank. 
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Close observatiool of the suspended solids build-u/ and 
results from the 60-ininute settleability test will indicate 
the solids growth rate, condition of solids in aerat^^r, and 
- how much sludge should be returned to insure proper ry&tum of 
the organisms to the aerator. It will be necessary Jo return 
all of the sludge for 10 to 15 days or longe/ if the 
wastewater is weak.. 

Results from the 60-ininute settleability test/can be used 
to estimate if the return sludge rate is too hig^ or too low. 
If the volume of settle sludge in the cylinder As indicative 
of amount of sludge settling in the secondary c/larifier, the 
volume of return sludge should be equal to or sJ^ghtly greater 
than the percentage, of settling sXudge ir/ the cylinder 
multiplied by the sum of the primary effluent^ and the • return 
sludge flows*. 

Estimate the return sludge pumping; rate. 
Information needed: 

1. Flow to Aerator from Primary Clarif^er, 4.0 MGD 

2. Return Sludge Flow, 1.0 MGD 

3. Volume of Mixed Liquor Solids Settled in 60 Minutes, 
-360 ml in 2 liters,- or 18% 

Example : 

Flow to Aerator from Primary Clarifier =4.0 MGD 
Return Sludge Flow to Aerator J = 1.0 MGD 

Total Flow through Aerator I = 5. 0 MGD 

Return Sludge \ 

Rate, MGD Aerator Flow, MGD :x SettAeable Solids, % ^ 
5.0 MGD X 0. 18 I ■ 

^0.9 MGD or 90Q,000 galsi/day ; " 

• / 

Return Sludge 
R^te, .GPM « 900,000 GPD 

1440 mip/day 

r 

— ^ ="625 GPM ' ^ [ 

^ Therefore, the initally selected 700 GPM return sludge 
rate is acceptable at this time.. Id insures that most solids 
are being returned to the aeraticb tank. A . return sludge 
pumping rate slightly high'er than cajLculated is recommended to 
retui3i the organisms as fast as possible to the aerator. Too 
high a ireturn sludge rate inust i be avoided because ' «ie 
resulting high flows reduce the detection time in the aeratSr 
and secondary clarifier^ I 



If the return sludge rate is too Ibw^ "the following 
undesirable conditions may develop: . . • ' , ^ \ 

1. , Insufficient organisms will be in the -aerator to treat 

the influent waste (food) load. This normally oqcurs 
during the first week or two of start-up. 

2. Too long a detention time in the secondary clarif ier 
could allow^the sludge to become septic. 

3. Accumulation of sludge in the clarif ier creates a deep 
sludge blanket which will allow solids to escape in 
the effluent. 



Questions 

J ' . 

1. 'When and where should solids samples be collected to 

provide the operator with a record of solids build-up 
in the aeration tank? 

2. Determine the pounds of solids in an aeration tank 
with a volume of 0.25 MG and a Mixed Liquor Suspended 
Solids (MLSS) concentration of 640 mg/1. 

3. ' Estimate tKe return sludge pumping rate (GPM) if the 
.\ plant inflow is 2.0 MGD and the return sludge flow is 

0.5 MGD. .-The results of the 60-minute settleability 
test indicate thd volume of solids settled to be 
340 ml in 2 liters, or 17%. s 

A. -When starting a new activated sludge plant, who might 
the operator contact for assistance and advice? 

5. When starting the activated sludge process, why should 
you use all of the aerators and all of £he secondary 
clarif iers? ^ 

6. What are the essential laboratory test's for starting 
tlfe* activated sludge process, and why? 
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• Training Sample 2 . • . , 

-InteractioTis of Activated Sludge with other Unit Processes." 

ACTIVATED SLUDGE PROCESS CONTROL COURSE 

GMP ENVIRONMENTAL ENGINEERS, INC., 
• 1115 Terminal Tower , ' ^ . ■ ' 

Cleveland., Ohio 44113 

One of _ several modules contained within Che whole course 
package. » . 



»:.LESSON TITLE: Process Interaction 
Estimated' time: One, hour 

prerequisites, for this- le&son: Initial certification 'as a 
Wastewater Treatment- Plant Operator * • 

.PERFORMANCE OPJECTIVES: - '\ . \ ' ' 

• ■ z " . . , » 

.Trainees will be able to: 

; "1. Identify the unit processes contributing to the solids 
. , _ and-BOD loading in *an *activat;ed 'sludge^ plant. 

2. Idemtify the streams ' that, provide an exit for - sludge 
solids to be removed from the plant.- > 



JUSTIFICATION: ■- - - - - ;. 

Operator awareness of the fe^sdback effect of . the - sludge 
handling unit processes. on activated sludge is important.- 

INSTRUCTIONAL RESOURCES': * * 

Trainee Manual . . . ■ ' 

Slides and other Visuals 

s - ■ . ' ' 

INSTRUCTOR ACTIVITIES: 

1. Review and organize th^ slides and .audio visuals. 
^ • Point out high concentratio'ns of BOD- and SS in these 

streams. Assess the recycle' stream contributions to 
plant solids and BOD- loadings, compared ^to raw ^sewage 



using appropriate^ vi'suals". 

2. Review scenarios, of, wafeted^.-sludge getting back to 
■Activated Sludge... Use visuals to- show the limited 

possibilities for sludge^ -solids to be , actually 
removed. If the solids ^ pan ^-t' bie. removed by those 
routes, thence inventory piles up in the plant and 
interferes wi$^ the Activated Sludge process. 

3. - DisQuss^ guidelines' to reduce the effects of recycle' 
• .streams on. the actl-vated sludge-process.' ' 
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a. . Avoid pumping thin sludges to sludge handling unit 
' ' .processes. 

b. Improve efficiency of sludge handling unit 
processes. .' ■ ^ ■ 

c* Pretreat recycle streams to reduce the loadings. 

d. Be sure to meter and sample the actual influent to 
• the activated sludge process,, after all^ recycle 
streams from other unit processes have been ad'ded. 

TRAINEE MANUAL SECTION • , 

Introduction . . 

The accompanying Figure 1 shows the' potential for 
interaction between activated sludge and other unit processes, 
including • thickening, stabilization and dewatering. PUces 
where sludge solids can -truly be wasted in the plant are - shown 
by. arrows. Direct wasting by landfill disposal or export to 
another plant is possible only . in a few plants. Volatile 
solids reduction in ttft stabilization process is another 
important exit. Dewatered and dried solids are the two best 
ways for sludge handling unit processed to remove solids. 
% ■ 

Mf the sludge handling unit . processes fail, then the 
solids will inevitably return to the wet stream and eventually, 
work their way out -as undesirable solids and organic loading 
in the final effluent.* (A sample scenario is included.) But 
there- are interactions, even when -the other unit, processes 
operate normally. \ ' 

EFPECTS OF SLUDGE'.HANDLING UNIT- PROCESSES '.ON ACV^VATED SLUDGE 

Sludge handling unit processes can add greatly to the 
loading of the Activated Sludge process ' through recycle 
streams that contain hi-gh -concentration . or organics and. high 
solids. Recycle -streams (Table D op> this type include the 
supernatants from anaerobic digestion^ heat, treatment or 
aerobic digestion; the centrate ' from centrifugation; the 
filtrate from ^^acuum filtration; and the supernatant - from 
thickening. Some of these processes are run only one or two 
shifts per day, and not every day. So the way that the sludge 
handling unit processes are operated can- tesult in shock 
loading for- the Activated Sludge process, depending *on 'how 
they spread out the loads. (Loadings that are possible with 
some of the more common treatment schemes are shown - in the 
accompanying Tables.) ■ 

The ideal thing for overall plant efficiency would be to 
have intermediate storage, so that the loadings from the 
recycle streams could be programmed to even out the overall 
daily loading cycle for the plant influent. Some new plants 
' provide a separate treatment for the heavily loaded recycle 
Streams, so that they do not interfere with the . activated 
sludge process. ' 28 
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TABLE L 
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- CHARACTERISTICS OF RECYCIE STREAMS (ng/ltter) 


> 




* 

TS 


ss 


vss 


BOD 
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supernatant 


4,000- 
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2,000- 
3,000 


'650- 
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Heat Treated Sludge 
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TABLE 2 

LOADINGS OF RECYCLE STREAMS COMPARED TO RAW SEWAGE 

, ' Conventional Activated Sludge Plant ■ 
With Anaerobic Digestion 



BOD 



SS 



Flow 



Digester 
Supernatant 



10; 12 



10.72 



continuous 



Filtrate 



Centrate 



1.72 



13.02 



1-2 



1-2 



shifts 
day 



shifts 



day 
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TABLE 3 ^ 

LOADINGS OF RECYCLE STREAMS COMPARED TO RAW SEWAGE 



Conventional Activated Sludge Plant 
With Aerobic^ Digestion 



BOD 



ss - ■ 



Flow 



Digester 
Supernatant 



1.7Z 



9.1Z continuous 



Filtrate 



1.7Z 



1-2 



shifts 
day 



Centrate 



13. OZ 



1-2 



shifts 
day 



3a 
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TABLE 4 

'".LOADINGS OF RECYCLE STREAMS COMPARED TO RAW SEWAGE. 

Conventional Activated SliKige Plant 
With. Sludge Heat Treatment 



" BOD . SS Flow 

Heat . • 

Treatment ' ;- ^ • 

Supernatant 48Z '482 continuous. 



Filtrate 1.2Z 1-2 



•Generate ^ 



9.5Z 1-2 

day 



EFFECTS OF ACTIVATED SLUDGE ON OTHER UNIT PROCESSES \ 

Wasting from the- activated sludge process has a definite 
effect, on sludge handling unit processes. .If the waste Asludge 
is too thin (low RSO. it ca-n cause hydraulic overloading of 
thickening and stabilization processes. This will eventually 
come back' to haunt the activated sludge, in the form; of high 
solids and organic loadings in the recycle streams. 

Problems in th« sludge handling unit processes'^can" limit 
your freedom to o^'rate the Activated Sludge process in the 
best way •p'gssible. You may be forced to accumulate Sludge m 
the activated . sludge process eveft when it is desirable to 
waste\ because the sludge handling dnit processes ■ are 
temporarily unable to take additional load. For example, a 
digester failure may force you to postpone scheduled wasting. 

'. Some -plants do not have sludge handling facilitl^es on 
site. These plants waste' directly, either to/isposal by 
landfill or by transfes to another plant via a^f-orce main or 
tank^'truck. These plants .export nofij,' only their sludge, but 
also.lthe protlems -due .to.' interactions of the activated sludge 
process with other unit processes. 

SLUDGE QUALITY CONTROL - . ' .- ' 

■J ■ 

flow can you account for 'the . loading on the activated 
sludge process'due tb the recycle streams? The formulas used 
for sludge^ quality. control allow you to do that. For example, 
AFI is the total influent to the. activated sludge process, not 
iust the primary effluent. You should monitor that -stream ta 
determine its flow rate, solids concentration and diurnal 
cycling. . .. ' . " 
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SCENARIO FOR SOLIDS . RECYCLE . — 

' • ..^ OR,. WHEN IS WASTING NOT REALLY WASTING? ' ' 

/ . 

. Asstrme that the' plant operator has detemfined that wasting 
•.is really the only way the plant is controlled that 
^everything else, relates ,to operation, not real control. 
Further assume that he has established a wasting scheme 
consistent with, loading on the plant, aeration capacity, etc. 
In the normal plant then, all that should remain is to monitor 
the fl'ow meters and make- solids analyses on the waste sludge 
to confirm that the desired amount has actually been "wasted." 
Simple enou;gh, and accurate, provided the following . example 
situation does not arise! 

In many .plants, particulary , smaller plants with limited 
staff _and .lifted construction 'tunds, waste activated sludge 
is ■ directe$J^^^»c- to the head of the plant to be removed and 
blended ^i^^^^e primary sludge for subsequent processing. If 
. plant 5taf f^^allows only 8 to 12 hours per day coverage; all • 
• operational, laboratory and maintenance tasks must be done 
during this time,, including wasting. , ■ 

Unfortunately, the wasting period coincides with the 
highest flow rates, with the result that solids wasted to the 
. primary' clarifiers are often carried through them with little 
or no removal of the waste activated sludge solids. These 
solids then are recycled back into the activated sludge system 
to be "wasted" again the next day. However, the -next day's 
vTas.ting will have to include this recycle plus the waste 
solids generated from the current day's BOD and, SS removals. 

Many- plants'' are operated by wasting a constant volume of 
return activated sludge on a daily basis. In such a case, the 
excess recycle would not be wasted, and if control of MLTSS is 
by return sludge pumping rate, these solids will accumulate in 
the final clarifier. Assume, for purposes of illustration, 
that these recycled "wasted" solids occupy approximately one 
foot in the clarifier. Then for each day that wasted solids 
are in fact merely recycled through the system, one" foot of' 
new sludge blanket develops in the final clarifier. The return 
slow flow rates could be increased to remove the blanket, but 
in that case the MLTSS (and MCRT) will increase. Thus, two 
days "wasting" will produce a 2-foot blanket; a week's recycle 
produces a 7-foot blanket; and so on, until aerators " and 
clarifiers are both filled with sludge. At which point, 
everything : else being constant, the final clarifiers will 
"bulk." ■ . - 

This, of course, is not true bulking but is* merely the 
result of the clarifier being full of solids which have no 
place to go other than over the fi'nal effluent weirs. The 
^ reason why a true bulking sludge is washed out over the 
' effluent weirs is related, to .the. inherent properties of the 
sludge itself, not to the fact that the . tank ha*s been filled 
with solids thought to have been wasted. 
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No amount of "blast was'ting". throu the primaries during 
high flow periods can possibly be ef: -tive in solving the 
problem of recycled wkste. activated sludge. An .^ternate 
method of disposal, .-perhaps as simple as wasting during 
periods of low fla< must be found. Once- found, it must be 
dl^e^^dto^i4$po6sly, even after the excessive "circulating 
Inventory" has been reduced to manageable levels:. 

Similar scenarios can be developed for digesters, decant' 
tanks, mechanical Hewa;:ering devices, ash classifiers, etc. 
The point .to be ma'de, emphasized and clearly understood is 
this: ■ 

Solids are truly wasted only vhen they or their .■ 
residues have been physically removed from the 
plant,- with no connection which would allow their 
being recycled back to the wet stream in any form. 
In simpler form: Once solids .in. any form have . 
entered the plant in the raw" flow, there are only 
two' places they can go: Out the gate or into the 
^river. « ' 
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Training Sample 3 

"Problems Caused by . Industrial Waste' 
BASIC SEWAGE TREATMENT OPERATION 
Topic 5 

Ministry of the Environment . 
•TbroiitOy Canada ■ ♦ - 
1978 • ^ • ' ■ . ^ V 



SUBJECT: 1 - Sewage Treatment Operation 
TOPIC: 5 - Problems Caused by Industrial Waste 
OBJECTIVES: The trainee will he able to . 

1. List 8 features of a sewer— use by-law. 

2. List 7 causefs of problems at the treatment plant due 
to industrial* wasties. 

3. • List 6 possible causes of prbbliems in sewers due ' to 

industrial wastes. . . 

■ PROBLEMS 'CAUSED: ^BY " .INDUSTRIAL. WASTES IN- SEWERS AND SEWAGE 
plants' ' ' . ^ ^ • . ^ ' 

> General . / 

Most sewage treatment plants have experienced the problems 
that can be caused by industrial wastes. In fact, life would 
be very simple if it were not for the .occasional slugs of 
grease that send personnel scurrying for skimming buckets. 
Plant operation is easy under ideal .operating' conditions , but 
foresight and ingenuity are required to prevent problems, such 
as those resulting from industrial wastes, without upsetting 
the entire plant. 

Sewer-nise by-^law 

To control the quality of the waste flows being discharged 
to the sanitary- system, ^a municipality usually enacts a 
Slwer-use by-law, based i^- a model by-law published by the 
Ontario Ministry of the Environment. If the industoies comply 
with this by-law, there should be no problems in'v6{ie sewers or 
at the plant. The important features of such a by-law are that 
discharges must comply with certain standards for 

1. Temperature ; ' 

2. pH ' ' ■ 

3. Organic loading ais measured by the 5-day biochemical 
oxygen demand (BOD-5) 

4. Suspended solids 

■ 
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5. Toxic' materials such as. 
cyanide as HCN 

pWenols . . 

Sjilphides as » 
metals 

'6. Oils and greases or those substances soluble in ether 

a. of mineral origin 

b. of animal or vegetable origin 

7. There must be insignificant amounts of explosive, 
> inflammable and/or radioactive materials present. 

8. Flow volumes must not result in hydraulic overloading 
of the system. . . " . 

.The effect of any one industrial discharge on the entire, 
sewage flow will depend on their relative . volumes. As most 
industrial wastes can be treated with domestic sewage, in 
municipality treatment plants,, it may be possible for a 
municipality to accept and treat wastes that do not comply 
with t^ by-law limits withoutV upsetting the operation of the 
sewage treatment plant. The d^nicipality may wish to supply 
.this additional service at no extra charge, or they may 
require a special agreement, with the industry and additional 
money for this service. Normally, there is a section in the 
by-law that provides for this agreement. In order that the 
municipality may decide how to handle any particular 
situatioJi, they must know, the probable -effect of any waste 
flow on their sewers and sewage treatment plant. 

An Industrial Point of View 

An industry views the treatment and disposal of its wastes 
as a matter of economics. It expects and deserves treatment of 
flows within the by-law limits for the normal sewer rate 
charge. If the municipality will accept a higher strength 
„waste for a sum less than that needed to pretreat the wastes 
tt> by-law limits, it is good business. for the industry to use 
this method of disposal. Many <times, the full strength waste 
cannot be treated at the municipal plant. It is-then up to :he 
industry to pretreat to a level which is acceptable to the 
municipality. It is quite often easier to remove contaminants 
from a waste flow at the source within the industry, and this 
should be done where possible. 



POSSIBLE PROBLEMS 

Sewers ^ * ^ ' 

The problems that may .be anticipated in sewers from flows 
not in compliance with sewer-use by-laws may be outlined^ under 
the following headings: ' :. . 

1. Flows - Excessively' fluctuating flows may overload the 
hydraulic capacity of a sewer and cause backing up of 
sewage into basements, or overflowing at pumping 
stations* 

2. Temperature - The higher the temperature of a waste 
discharge, the greater the biological activity in the 
sewer (rate .doubles for every 10° G rise). Thus the 
oxygen supply is quickly depleted, and septic 
conditions occur. Also, high temperatures speed up • 
corrosion and place thermal stresses on the sewer 
pipes and joints. 

3. Suspended Solids - May settle in the sewers and cause 
blockage. 

4. pH —^Variance beyond the acceptable limits will result 
in cdYrosion of . the sewer* 

5. Oils and greases will build up on 'the inside 'of the 
lines and reduce the sewer capacity. 

6. Dissolved Salts - Certain dissolved salrs may 
precipitate out iji the sewers and lead to blockages 

. and/or corroding conditions. * ' - ^ 

Sewage Treatment Plant 

-More important, however, is the effect of industrial waste 
discharges on the operation of the sewage treatment plant. 
First the symptoms must, be recognized; then th? -type and 
extent of the problem diagnosed and the^ffect it will have, 
or has had, on the various processes must be assessed. 
Finally, 'and most important, quick., remedial action, musC be 
taken to offset the changing conditions. Following are 
comments on characteristics .of industrial waste discharges .of. 
concern to a sewage plant operator, and relating to the 
detection and effect, on the (a) primary section and (b) ■ 
biological processes, , as well as the corrective action to be 
taken. 

^- ^^^^ * Excessive or surging flow conditions may be 
noted on the flow measuring devices within the - pl'ant 
or simply by noting the level of the flow on the walls • 
, of the channels.. High flow rates tend to flush the 
tanks out, thus affecting the detention times and the 
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treatment provided^' Little can be' done, to ease- tKis 
condition at the sewage plant; it should be Corrected 
at the industry where the flows may be equalized. 

2. ' Temperature The rate 'of biological activity 

increases with temperature in a waste flow and .the. 
resulting septic conditions'* may be noted by the smell 
■ and low* dissolved' oxygen .content of .the 'iraw sewage at- 
the-plant. A septic Sewage will cause" septicity in th^ 
primary clarifiers and . exert an increased oxygen 
demand in the secondary biological section. The action 
required in this case wodld be to pre-aerate or 
pre-chlorinate the raw 'sewage flow. 

3. pH - A waste with a pH value outside of the accepted^ 
"range (3.5- 8.5), besides crea.ting- corrosi-v^ problems 

throughout the plant, will tend to reduce'.the settling, 
and biological processes. This condition may be noted 
' - by checking the waste flow ViT:h..pH. paper at .regular 
intervals* Again,, little -Qan be done at the plant. The 
. situation should, be correcte4 by having^ the industry 
neutralize its wastes before discharge-\:V 

4. ' Organic Loading (Bi;pc:hemical Oxygen Demand - BOp>^ 

High strength industrial discharges will show up in - 
^ the 'S-day BOD t*est, but this does not help the 
operating personnel concerned with operating 
conditions at any given moment. These high strength 
wastes can usually be spotted by an unusual colour 
(eg. red; indicating blood, dye, etc), smell (eg. a. 
putrid smell because of the . rapid depletion pf oxygen 
in the sewer lines) or the inclusion of tell-tale 
■solids (feathers hair, etc.). If the high strength is 
due mainly to dissolved components, it will have 
little effect on the primary treatment process but 
will create a* high oxygen demand and extreme sludge 
growth . in the secondary biological section. If a 
significant .amount of suspended material is included 
in the high strength waste, additional qyantities of 
' • sludge will accumulate ' in the primary tanks and the 
digesters may be taxed beyond capacity. Th,e aiction 
that should be taken at the plant woaid include 
carrying a higher concentration of solids and air in 
the aeration section and ^the possible addition of 
'alkaline materials to the digesters as well as 
additional . hauling of digested sludge so that, a 
correct environment say: be maintained for the 
anaerobic decomposition process. 
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5*. Suspended "Solids - This characteristic of the waste 
.flow is one of the most recognizable. Usually a close 
examination witt^the. naked eye will reveal unusual 
conditions which should be taken into account. The 

.. ^ majority of the particles in suspensi-on should settle 
out inn the primary settling .tanks'. While'' most will be 
controllable by anaerobic Dre'atment, some particles 
such as clay, chicken beaks, hair and bark will 
decompose very slowly, using additional digester 
capacity. Adjustment, in digester operation as well as 
cleaning of the digesters may be, required if theise 
solids are allowed- to get* through the preliminary* 
screening devices. r . - . 

6. Toxic .Materials - Toxic materials such as copper, 
chromium,- phenols, etc. , may^be difficult to detect in 
the raw sewage if. they are present in j low 
concentrations. Should either the aerobic or anaerobic 
biological section be upset, however, laboratory 
r\ analysis is required ' to -confinp any\suspicion in thl^ 
" ; regard. Higher solidg could be carried in the aeration 
section to* help in preventing an upset. " 

J- Oils and Greases - TheSe ^her soluble materials will 
usually come to the surface in the grit tanks and 
primary clarifiers, teking their presence <)bvious. 'If 
• they can be skimmed, .either by means j>f the re^uiar 
skimming facilities or manually,'' these materials 
should be of little concern. " /-^^ 

Note: In most cases, sophisticated .laboratory equipment is' 
not a necessary part of good sewage plant operation. 
More important is the ability of the operator to adapt 
his thinking to the situation at hand ' and to t^e 
proper remedial action. 



Resourceful plant ^personnel will not only provide good 
plant operation, but will also note the time and conditions of 
any upsets at the plant. An attempt should be made to 
determine the section of the sewer system from which the 
upsetting discharge came^nd to define as closely as possible 
the - problem industry. Armed with this information, ■ the 
municipal officials, -after , investigating . conditions at the 
industries in the area, should be able to locate the culprit 
and thus be in a position to enforce their sewer-use by-law. 
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SUBJECT: Activated Sludge Process Control 
TOPIC:' 6 - Phosphorus Removal 

» 

OBJECTIVES: The trainee will able to 

1. » Name three chemiialS:'- suitable for phosphorus removal. 

2. Recall "three possible application points- for chemicals 
used in phosphoirus removal. . 

3. List the effects- that phosphorus removal chemicals 
have on the raw sludge concentration and the- operation 
of anaerobic digesters. 

4. Calculate the feed rate for chemicals used in 
phosphorus removal. "1 . 

' ■ ■ . . . 

5. Recall five means by which the operator can control 
the phosphorus, removal -process. ^ , . ^ . 

PHOSPHORUS REMOVAL ' . ^ 

General , 

In- recent years the phosphates in wastewater treatment 
plant effluents have been identified as a major factor in the 
eutrophication (rapid agirig) of receiving waters. Industrial 
waste discharges and run-off also contribute to this problem. 
Excessive amounts, of nutrients (phosphorus ^ nitrogen, etc.) 
can cause the rapid go wth of algae and weeds.. Algae and weeds 
will settle to the bottom, decompose and use up the dissolved 
oxygen causing , the destruction of the~ life cycle- systems 
normally found in unpolluted lakes, rivers and streams. 

Because it is a major cause of eutrof ication and present 
technology provides a means to control it^ phosphorus was the 
nutrient selected to be removed from plant effluents being 
discharged into Lake Erie, Lake Ontario, the Ottawa River 
system/, , '.'and inland . recreational' ' aras. Phosphorus .removal 
facilities have been installed in a number of wastewater 
treatment plants and future years will see an increasing 
number. 



There are a number.,' of ways to remDve 'phosphorus. 'fhese 
include reverse osmosis, adsorption, ion exchange and 
chemical precipitation. Chemical precipitation using 
commerica^^ available chemicals is the least costly, both 
from capital and operating costs, and Is the system'* of choice 
.in Ontario^ It is the method discussed in this topic. 

Source of -Phosphorus ' - 

Phosphorus in the plant influent comes in many forms. It 

* consists of organic phosphorus from food and wastes, 

' polyphosphates ' * from ^ detergents, and precipitated 

orthopliosphate from chepiical reactions between metal ions in 

_.the wastewater and dissolved orthophosphates. 

.4 

''The concentration of the phosphorus iji the wastewater is 
. measured as: ' 

1. .Total phosphorus which includes all forms of 

phosphorus as mg/1 P. ■ _ . ^ ' 

2. Soluble, reactive phosphates as mg/I P.^ 

Because ^of the complexity of the ■ test- required to 
determine phosphorus in the influent or ef fluent , the tests 
are normally done by the Ministry Laboratories, The procedure. 
xs outlined* in Topic 15 of- this manual, . 

Mechanism of Removal . ^ 

The mechanism of phosphorus ■ "removal is. a com'bination of ' 
chemical and / physical reactions which include the chemical 
precipitation of the soluble, reactive phosphates by the metal 
ions .(Ca+2;*'Fe+3, Al+3)' introduced. Other important reactions 
are .the* formation ,of metal hydroxides which absorb ' 
non^r-eactive phosphates*, and trap finely suspended material 
'contaihing .phosphat.es Abound to organic matter. Sufficient time 
for flocculation and sedimentation of this combined flojj^is 
needed tp produce an effluent with the desired low phosphorus 
concentration (<1.0 mg/i P). Good. mTxing at the point of 
chemical addition is also important. Rapid mixing followed bV » 
slow, gentle mixing before sedimentation will produce the best 
results.' Sufficient clarifier (primary or secondary) detention 
time (over 2 hours) and low upflow rates (<800 gal/day/ft^F'at 
peak flows are also needed to ^hieve good clarification if 
chemicals are added for phosphorus removal. 

Chemicals Used 

Jar tests and possibly full sc^le pilot studies should be 
..conducted before the best suitable chemical is selected. The 
following commercially available chemicals are normally used 
for phosphorus, removal. • 
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'1. Ferric Chloride FeCl^ 

2., Ferrous Chloride FeCl^ (waste pickle liquor) 

3. Ferrous Sulphate FeSO^ (waste pickle liquor) 

4. Alum . AI2 (50^)3-1^ . - ■ 

5. Hydrated Lime Ca(0H)2 

Of the chemicals listed above, alum, ferric chloride, and 
hydrated lime are most widely used although waste pickle 
liquor is gaining in pppularity since a substantial^ cost 
saving can' be realized. Waste pickle liquor should only be 
usedin"" secondary treatment plants, because the 2-valent • 
(ferrous) iron has to be oxidized to the 3-valent (ferric) 
iron in order to precipitate phosphates. To provide sufficient 
time, and oxygen for oxidation, the point of addition of waste 
pickle liquor should be the influent end of the aeration tank. 
Handling, storage, bulk delivery, etc., are similar to ferric 
chloride. , 

Ferric Chloride 

Ferric chloride " is . normally used in the liquid form 
although it ^s available in the dry form in drums. The 
reddish-brown liquid is corrosive and stains ' concret^^. With 
proper dilution, fairly low temperatures can be tolerated. For 
outside' storage in Ontario, heated, fibre-glass reinforced 
plastic storage tanks should be used. All other equipment used 
(pumps, feed lines, etc.) shoiiid be heat treated and abla'to 
handle corrosive liciuids since commercial ferric chloride 
solution (and pickle liquor) contaitis strong acid. The acid in 
solution and the acid produced when ferric chloride is added 
is normally neutralized by ^natural alkalinity in th^ 
wastewater. Additional alkalinity (lime, caustic soda) may 
have to be added to wastewaters with low alkalinity. The 
ferric chloride can be added to either raw sewage' of^ in the 
secondary section. Experience indicates that the latter point 
of addition yields better results at ^ower costs. The ferric- 
•ions (Fe+3) combine with, the orthophosphate to produce a 
precipitate (iron phosphate) and with the - hydroxyl ion to 
produce a floe' (ferric hydroxide). . 

Alum * . 

'Aliim is easier to handle^ than lime and " is somewhat less 
corrosive than ferric chloride. It is ■ usually purchased in 
liquid form, although it can be procured in 100 lb. bags in dry 
form. The aluminum ions (Al+3) combine , ^th the orthtTphosphate 
to form a precipitate ' (aluminum phosphate) and with the 
hydroxyl " ions in the w5t;er to form a floe (aluminum 
hydroxide). It also produces^ an acid (sulphuric acid) which 
may be neutralized by the alkalinity available in the sewage 
or by added alkalinity. 
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Alum is' delivered -and stored- in^ liguid form and as for 
ferric ^chloride, involves a large capital outlay for storage 
tanks and ancillary equipment. As alum crystallizes .at fairly 
high temperatures, heating of tanks and feed lines- is alst) 
necessary. , 

Alum can be added to either the rawjsewage for phosphorus 
removal in the primary clarifiers, or in the aeration tank 
♦effluent.. At most 'Ministry, of the Environment secondary, 
treatment plants, addition is made to the secondary section of 
the plant in the aeration effluent. 

Hydrated ■ Lime ' ••, ^ 

Lime is employed because it is comparatively inexpensive.^ 
A portion of lime reacts' with the orthophosphate to form an 
insoluble compound. The remaining lime and -the' magnesium 
either 'in the sewage or intrpduced in the lime form a floe 
causing the precipitated phosphates' and other s.uspended solids 
to settle quickly. Lime also reacts "with the C0-2 in the 
wastewater ■ to form calcium carbonate. 

Bulk lime is delivered in 10 or 20 tori loads and blown 
into a storage hopper or slurry make-up— tank* The quantity , 
normally required makes the .use of 'fifty pound /bags 
, impracti^cal. Dry. storage works well, although problems^ can 
. result unless the lime remains dry, there are no uncalcined 
"pebbles, and if there is sufficient and constant water 
pressure for slurry make-up. Slurry storage involves a large 
.capital outlay, unloading of the bulk lime is less than clean 
and if the slurry is not used quickly it will lose some; of* its 
effectiveness.^ 

Lime should normally be added to the raw sewage ahe4d . of 
the -primary clarifier. Dosage can be most effectively 
controlled by maintaining the pH of the primary effluent at 
about 9.5. A lower pH will probably not produce the right 
conditions for the reactions to proceed quickly . and 
effectively, the phosphorus being carried over with the solids 
in the effluent. A high pH (>8.4) could inhibit biological 
•growth in the mixed . liquor. The primary effluent can be low in . 
BOD because of the additional removal of organic materials by 
the lime. 

Lime is particularly suitable from an economic'^point of 
view i^ waters of low alkalinity. Despite* handling 
difficulties, lime will produce an effli;ent from which most of 
the heavy metals have been . removed by precipitation ■ as' 
hydroxides and which has been softened to some extent. In some*- 
areas, because of a combination of factors, lime is the- only, 
viable choice. Digestion of lime sludge appears not to be a, 
problem. '. 
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PROCESS CONTROL PROBLEMS ; \ 

Those likely to be encountered with ferric chloride,, 
pickle liquor and alum include: 

1. If -added to the raw sewage: 

a. increased rkw sludge removal is required" ""t'ecause 
of increased sludge- volumes and lower sludge 
solids concentration. Increased raw sludge volumes 
could cause digester problems due to hydraulic 
overload. 

b. The raw sludge may be acidic (pH < 7.0) and could 
cause problems with . anaero))ic d;Lgestion. ; 
Alkalinity '(iime) may" have to /^fe added to the 

digester. 



2. If added to the aeration tank: 

a. sludge return and sludge wasting have to be 
' increased to . : prevent excessive sludge 

accumulations in the clarifier and to .prevent the . 
formation of a non-volatile, inert mixe'H liquor^ 

b. High dosages to the aeration tank couli .result in 
a mixed . liquor with a low pH af fwhich "^ihe 
precipitated phosphates may redissolve and 
biological growth may be retarded.^ 'Addition of 
alkalinity (lime, caustic soda) to . the " aeration 
tank will be' necessary to counter this pi:£>blem. 

3. Feeding the chemicals at a constant' rate (X ml/min) 
could lead to one or more of the aforementioned 
problems if extreme variations in daily flows are 
encountered -at the plant. Pacing chemical addition 
according to incoming flows is therefore recommended. 

• 4. Chemical addition for phosphorus removal usually 

results in increased removals of toxic heavy metals 
TFo^ the wastewater and this could result in high 
. levels of heavy metajLs in the v digested sludge and 
could mdke this sludge unsuitable for disposal on. farm 
land. ■ . 

■ Process- coiitrol problems likely to be encounterd. with lime 
include: . . -' ;. 

• 1 The sludge produced, if high magnesium IJ-ine, is-tised, 

tends to be fluffy and miy^ float above . the scraper 
mechanism of " the clarifiers if it is allowed to build 
up. Normally,. "High Calcium" lime does not give this^ 
problem. 
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4. 



The deposition of precipitate at points^'of turbulence 
and on all . surfaces generally. - Clarif ier weirs and 
'channels must be cleaned often and pip0s flushed to 
prevent clogging. Recirculation of primary sludge will 
reduce this problem substantially. 

Because t^e amount of sludge produced is greater, 
sludge must be removed from the primary clarifier more 
often. ' 

pH control in the aeration tank. A close check must be 
maintained to keep . the pH below. 8.4 to prevent 
destruction of biological sludge. 



5- Overdosing with lime may cause digester upsets. 



:SJJMMARY • 

Table . 6-1 summarizes the use of lime, alum and ferric 
chloride in phosphorus removal. 

SUMMARY 

Table 6-1 sussnarizes the use of liM^ aXim and ferric 
chloride in phosphorus removal. 



Table 6-1 CHEMICAL ADDITION FOR PHOSPHORUS REMOVAL 



CHEMICAL 


- POINT OF 
ADDITION 


■ COMMENT 


Lijne 


Raw sewage 


Incre^^sed raW sludge concen- 
trations and volumes f higher 
raw ^ludgjB pH. ^ . 

Primary effluent .will have 
lower BOD, '^higher pE;. values. 

Maintain close check, on 
aeration temk - pH should 
not go over 8,4. , ' 




" Final; 
Effluent ' 
(Tertiary 
System) 


* Additional clarifier needed. 
. Problems with chemical ^w-'-'' ;/ 
sludge volumes. 


' Ferric Chloride- 
PicJcle Liquori . ./ 
Alum 


Raw Sewage 


Slight decrease in raw 
sludge concentrations pos- 
sible, increased sludge, 
volumes . . , 






Primary effluent BOD values 
lower. 


t 

Ferric Chloride 
PicXle Liquor 
Alum 


Aeration 
Tank 


Decrease in aeration tank 
volatile solids > increased 
activated sludge return and> 
wasting required, riesulting 
in changes in raw sludge 
concentration. Pickle 
liquor 2idded to aeration 
influent. 
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DOSAGE 
Control 

Influent conditions cannot be used ' as .a basis for 
determining the. dosage . required to produce the required 
luent (1.0 mg/l)..o?: 80% removal because: .. 

i\ Sewage is complex 'and variable mixture /of • organic and 
inorganic compounds* *vV ^• 

2. Vemoval is not only a function of the completeness of 
Shemical reactions but . also of. the degree of 

fidcculation adsorp^on and sedimentation. 

Dosage mudt be determined for each plant on the 'basis of 
experience^ gained from jar testing, full scale testirig|and^ 
r.ecent operations. The . .p.rocedure f or phosphorus, determi^ion 
is described in Topic 15;:;:> . 

" If the plant is not prbducing an effluent which -me^ts ^the^ . 
standard, the- operator can control the process ;of phosphorus- 
removal by employing one or more of the following: , 

1. Changes in dosage. 

■ 2. Sludge was;cing- ■' ■ :. - : ' • ' 

3. Changes iti pH by addition of lime or soda ash. 
.4. In-vestigaxe use of other chemicals. 

5. Change point of chemical addition. .,. 
^ Calculations. 

In calculating chemical dosage, the operator- must bear in. 
mind that the active' ingredient of .the chemical ^added is ogi 
the metal ion; e.g. calcium (Ca^2) , aluminum (A1-K3) , ferric. 
(Fe+3);' One therefore calculates the amount of Fe+3 required 
'to reduce the phosphorus and must then determine the amount of 
ferric chloride solution required which contains Fe+J, acid 
and water. See Mathematics for Operators page 50. 

Chemical Dosage Calculation for Phosphoru s Removal . 

Examples : • ' . ; 

iVa plant vrLth an average flow of 4. 0 MGD ferric chloride 
il used at a dosage' of 10 mg/1 FefS added after the aeration 
tanks. What ferric chloride flow rate measured in ml/min is 
needed? . 
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RETURN SLUDGE 
FLOW =0.1 



80'- 



AERATION TANK_ 
INFLUENT ' 0.3 




AERATION TANK 




AERATION TANK 
EFFLUENT 



ERIC 



VOLUME = LEHGTH X WIDTITX DEPTH = 20 X 80 X 12 

VOLUME = 19,200' CUBIC FEET .X..7..48 GAL./CUBIC FEET 

VOLUME = 143,616 GALLONS " ' • 

FLOW IN = .3 MGD > .1 MGD = .4 MG0 „ .. ' 

DETENTION TIME = VOLUME X 24/ ^ 
FLOW IN 

DETENTION TIME = 143.616 X 24 

400,000 ; - 

DETENTION TIME =8.6 HOURS 




rill 



FIGURE 4 



DETENTllN TIME CALCULATION EXAMPLE 



5 a 



KSF 




t 



ERIC 



RSF 




4 J * 



CSF 



*' 4 ■ 



m 



. Flow 1n » Flow out 

\ 

TFL»AFI + r 
. TFL » CFO + CSF 
] CSF « RSF + KSF 

Figure 2 > Flow Balance 
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Other Variations' . 




1. Complete Mixing '/ ^ 

, . a. Complete mixing provides some protecjti^{'', 
against '** shock** or "slug** loads. ; .^^'^^ 

b. Operating parameters 
1) F/M; O.'-Z-O.e ^BOD5/7^^MVLSS/day 

. 2) Aerator Loading: 50-120 //BOD5/1000 f t^ 
^ 3) MLSS: 3000-6000 mg/1 . 

4) ' Detention Time: 3-5 hours . 

5) MCRT: .5-15 ,days . 

' ^ 6) Return sludge flow rate: 25-100% of •* 
influent ' • 

c. Higher loadings tend to produce a slower 
settling s-ludge than c;onventional processes _ 
but otherwise the operation is similar. 

- c ■ 

2. Oxidation Ditch-an extended aeration plant with an 
**oval doughnut** aeration basin configuration.. 
Brush aerators are- used to circulate mixed liquor 

; a'round the aeration basin. Sometimes called a 
** Dutch Ditch** or **Race Track**. 

3. Tapered aeration - a conventional, plug flow plant 
with the air application tapered from the head of 
the plant (high oxygen demand zone and higher 
aeration rate) to the effluent end of t"he tank 
(low oxygen demand zone and lower aeration rate). 

; Key Points & Instructor Guide 

Use Slide 179.2/11.4.5 ^ ■ , . - . 
. Slide 179.2/11.4.5. is a schematic diagram of 
the complete mixing activated sludge process 

Use'siide 179.2/11.3.6 

Slide 179.2/11.3.6. is a blank 

Refer 'class to Field Manual for Performatlce 
Evaluation, and troubleshooting at Municipal 
Wastewater' Treatment Facilities, page 57. 




Examples of Mode Change for ^.;c^;s Trouble sho6cing (5 



'S.'^'':LiLs-^\s:r'"% f^°'" ^heir Experience of 
CroubleshootTng. 



or 



B. Discuss class inputs ' ' 

C. Instructor should be prtpared to cite examples If 
.■ class does not offer exainples. examples if 



Key' Points & Instruc^ t^r a.n^o ■ ' 

Example of Mode' Change ! for Process Trouhleshoof ing 

exlerie'n^es of ^''"'"P^^ ^-'<^ - ^ 

Nat^o^a^ Trfln^ ^ Technology Branch-. 

Center u^-^^^^/S^t^d • Ope,3,i^i T^chnolog; 

■.ci\cj;;3t^ 'ohiorj^r^""';- ■ 

Plant /design is about*2 MGD 

Serat^* 1'"'^°" '"4"^ "'^^^'^ be 

> i * 

■ ■ ^ . , * * 

a- ..In series, p^lug' 'f low - * 

b- In parallel * r • 
c: One tank- .arr-linl'; 6ne tank off-line 

d. ■ One^tank as ^Contact bis^n" and one tank 
as reaeration .basin" 

Urge portioa of raS.- ."waste comes from a large ' 

.tL- il-ig.^~L-i^ 

operated in series .r . in ' parallel. Solids 
cannot be retained in the system. • " 

^' fL?hTo^^' "'""'^■^^ a- contact tank 
ro^-iH J ^''^ reaeration tank, the solids 
could be *tai;,ed a^^d: stabilized. However!' 
prolongs^ operation in this mpde resulted in ' 

' se^7S T ' -"'^^ producing , a fast 

settling sludge which left a turbid effluent 
^ which exceeded TSS standards. ^"^"ent 

^ ■ f.:..- 



3. 



Plant pefsoanel were taught to jnonitor sludge 
settling characteristics and Co switch the 
plant from the "reaeration' operating mode" to 
an operating mode with the aeration tanks in 
parallel when sludge settling began to 
increase. As settling rates became' slower, 
the plant was switched' back to the 
I'reaeration" mode* 

The .plant operated for over a year using mode 
change to control sludge quality and 
consistently produced a high quality effluent 
which exceeded NPDES permit requirements. 
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. Trajjiing Sanrplerl2 ' " - ^ ' 

^ ynit Activated Sludge, Ihstruciior Ifotebook*^ " 
xtROlTBLE^OOTI^G 0 PJIOBLEMS IN -WASTEWATER TREATMENT 

FAcrLiTiES... ; - .. 

NTOTC- A V ' ' ^ ^ . 

.Ci^ncinn^tis • Ohio! 45268 ' - . , 

December 1979 

- . ' ;/ \ ^ 

Lesson 7 of 1 4 Tocr«^f ^^ > \ _ 

. Recommended Time: v90 minco^s * 

j» * » . 

• " . ' . ■ ..^ 

■ tools"''TM' MrT.^"%t"^^°''-c'^''°-^'' decision making 

tools, F/M, MCRT) Sludge Settleability ^nd RR, are used in 

^^ process ^. -control, evaluation and 

troubleshootl-ng. Many operators and troubleshooters routinely 
-use only one or two of these tools >and, therefore, attempt .t6 
. control thp process -.baSed :on limited or i«rtlal information. 
The^ probl^ solving exercise 'in ^this. lesson requires the 

.generalized process ^contral problem, 
^^^^^'fy/^^e Possi-i^ie causes of the problem, describe how.th^ 
actual _ / problem cause ;^ would be " determined and^ . recemiend 
correcj'lve adtions for each possible cause idantified. The 
exerci^^se forces the traineq to look at the -Interrelationships 
between the .various process control decision making-' tools. 
• J' ■ • . ■ • ■ . ■ ■ ■ 

;Train^ Entry ,Level ' Behavior: Trainees should have 
achfleved the. learning o'bjectives specified, for Oitirt U- 
Lessons 1.-6 before begiinning this lesson. - 

< Trainee Learning Objectives: -At the conclusion of this 
,iesson, ^he trainee will be able to: 
/•■' . - • • ' . 

I. Given design information about a model activated 
sludge treatment plant, information that a .change has occurred 
in one of the parameters F/M, MCRT, Sludge SettleabiUty or RR 
and using Tcalnee Notebook references , and class, notes, list 
all possible cauy'es of the observed change in the process 
control parameteif, Hescribe the -expected change in other 
proce-ss control tiarameters- which would confirm each possible 
cause as the mcist likely cause and list - the recommended 
process control responses to each possible cause of the 
observed change in the process' control parameter.. 

J?* called upon by the instructor; report his/her 

findings for the given conditions and justify his/her 
recommendations for process "control, responses. ' * 

3. Using class notes and Tra^nee Notebook references, 
explain why ,it is necessary to consider concurrent changes in 
at least four parameters, . F/M, MCRT, Sludge SettleabiUty and . 
RR, when evaluating an activated sludge system to ' identify 
problems and their probable causes. . ♦ 
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. . Instructional Approach: Trainee problBm salving in work 
groups of four trainees and discussion., of trainee^ findings. - 

Lesson Schedule: The 9"0^nutes allocated' to this lesson 
should be scheduled as follows: ^ . ' j 

•• V- TIME SUBJECT", r ' 

> * ' » " '* - * ■ - ^ , 

0 -7 10 minutes Instruot'or Introduces the Problem 

10 -'45 minutes ' .TraiVie^ Problem Solvin^g^ 

' "-45 - 85 minutes Trainees Report Findings . " 

85.-7 90 'minutes _. Instructor Summarized Lessonr 

'Trainee^ Materials Used in L^son: 

^"•1. Trainee Notebook, page TH\7.1, /^Activated Sludge 
"\ Process' Troubleshooting, - Problem^ ..-Identification and 
"o- Process Coiatfol Response - Problem Statement." 

2. Trainee "Notebook, page Til. 7. 4, "Activated Sludge 
Process' Trd'obleshooting, Problem Identification and 
' _ --Process Contrpl Response - Instructions for Completing 
'i^prksheet.- ' \ - _ ■ 

.3., ' Trainee Notebook, page Til. 7. 5 - Til. 7. 12, "Activated 
■; '- Sludge Process Troubleshooting,. Problem Identification 
. and Process "Control Response-Worksheets. 

4. \A11 trainee "references and Trainee Notebook materials 
used in Uhit'H.^ -Lessons 1 - 6. • 

■Instructor Materials Used in Lesson:' ■ ; - 

1. " . Instructor Notebook, . '- Unit 11, Lesson 7,: pages 

, 11.7.1 -1-1.7.9.V. ■ ' . . 

2. ..Instructor Notebook, . pa^e^ . 'Hll. 7. 1 - Hll.7.37, 

"Activated. ■ Sludge Process Troubleshpoting, Problem 

Identification an^ Process Control Response'* (to be 

reproduced 'and distributed to- ^trainees at. - the 
conclusion dof .the -lesson. -> . :\ . ' 

Ins t rue toTr'^Mate rials {Recommended for-DeveXopment: None 

Additional Insitru'ctor "Re/ erences : As s'pecified in U^nxt 
ll," Lessons 1- 6. . ^ \ , 

■Classroom Set-Up: \ ' ^ 

■ . ■ ' '* ■ 

1. 'Lesson Introduction: As specified In Unit H, . ' 
Les.so.ns 1. " ^ * ' ' * - * 



2. Trainee Problem Solving: One -^separate ir^eakouC room 
t<?r each trainee workgroup so tHaC indmdual. work 
groups .have .a .private quiet afek in whictf to meet and 
disctiss. the work group 's assigned problem.*- 

3. - Tralflfces Report 'Findings:, As specif iij -in Urtit 11 



\ 



■ / 
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Lesson Outline * . » 

r ■ * . - . ■ 

!• Jns'^ructor Introduces .tS*2 Problem (10 minutes) 

. A. . -Introduction / . ^ - ' * • . 

1. Have difscussejJ • several • ^rcXcess control and 
. • . evaiuation tools and their significance.. 

. • • - . • ''a. F/M ; " v ' ; * . * . . " • " ' 

'bv MCRT* *^ . ' • ■ , ^ . / ' 

y ' ^ •' ' - ■ * ' 

^ ~ c. T Sludge Settleabili.ty . * ^ - ^' 

d. RR .' . ; „ • _ ' ^ •' 

2» , Now -jits time to apply, ;wHat has been covered to 
activated- sludge- process' troubleshooting. ' 

3. ^ Do this by developing' a series of process .control- 
; -and troubleshooting guides. ' . ' ' 

' ■ , * ' ^ •' ■ 

• Key Poitfts & In^t.ructo^r Guide 

. *• . tf . •* ' , " . ' ' 

^ Refer, class to' Traincfe Notebook, pages' 
J .T11.7.1-T11.7.11 for- a statemeat of the • : 
^ problem, instructions and worksheets. - 

* B. ^ Have class read Problem Situation »- - 

.> .1. .Refer class to Trainee Notebook, page 
, ' - ..\ Til.7.1-XI1.7.2 for a statement; of the situation. 
Trainee * Notebook pag^s T11.7. l-Tll.7.11 are 
included in the Instructor Notebook. 

^ '.2. -Emphasize that the situation is designed to 

provide* .a "maximum of process- control flexibility 
j^yWhich is available to the operator and 
^troubleshooter. The specifics of plant design are 
•5" really immaterial to this problem. '^^ 

/ " ■ ■ . * "■ '.'^ ■ - 

3. The objective is to provide specific, guidelines to 
the ^operator on how to correctly useVthe availa-ble 
.process flexibility to- achieve ; and /ijiaintain'' -good 
effluent quality. 

Instructions for Completing the Problem Worksheets 

. iT Refer class to Trainee Notebook, pages \t11. 7.4 • ' 
' . Til. 7. 11, "Activated , Sludge -A Process 

'Troubleshooting, Problem * Identification and- 
Process Control Response Worksheets" and page 
Til. 7. 3 for "Instructions for ■ CdmWeting 
Worksheets". These pages are included:,V"ip the 
Instructor Notebook.- 



Ss" worksheets, with' the 

Key Points & Inscructnr f:,.t^^ ' ' ' 
. Instructor should refer to- pages 

• - •■ ; '•■^^"^^^^-^e 'hf o^^^^ - 

worksheet? to gain a better understanding of 

Sk.^'^r"' responses to the. ^ 

. . worksheet exercise. • , 

■ ■ ' »• 

Make Worksheet Assignmeats . • ^ , 

^:i'StL°?^'^"^ f "-^^-•^^ 

^ a. Trainee Group 1. page Tll.i.k, F/M -Increasing. 

b. Traine^Group 2. page Tll.7.5. F/M^D^cre.sing. 

c. Trainee Group 3, page Til. r/e, MCR^ 
■«• iftcreasing. 

d. Trainee Group 4, page Til. 7. 7, MCRT - 
Decreasing. 

e. Trainee Group -5, pkge JIU 7.8, MLSS RR 
increasing. , 

i;S::iSr^ ^ •pag. Tll".7.10. SettUng Rate 

D'e"Je\%\°"' Settling Rate 

' Each work group should comolerp ^^o 

worksheet by working as a 'tea" ' 'I^^Jf ^^f 
_ importance of discussion within .the group 

Work groups vill have Ahn,l^ ^ 

fh^^fy o^^r^ j^- ; aoout 3!) minutes to comple&e ' 

their assigped worksheets. ^^i^^^i^ 

Inform work groups that when the rlA^<= ^o^^ 

.^'^""^ -ill -po'Tt JL^^frdinir^rth; 

class and justify its recommendations. - 




£• Direct' Work Groups to Their Work Areas / 

• 1* Separate work areas,^ preferably separaite rooms, 

should be provided for each work group so that, the 
» group may freely discuss the assigned problem and 
develop a group concensus solution withoiit 
fnterferi*ng with the work of another group. 

- 

* 2. Assign * a work area to each group and ^ive 

directions for, finding tlfie assigned work area. 

: F. Answer any questions .about the exercise before 
sending groups to their work areas. . 

II. Trainee Problem Solving i35 minutes) ; 

A. Circulate among* work grOups to monitor progress and 
answer questions. 

B. Review each work group's product periodically and 
- redirect their efforts as necessary. 

C. If a group completes the assigned work sheet early, 
* assign a second work sheet to the group. 

^ Periodically inform groups of t-ime remaining. 

E. Reconvene ^gr6ups* in* the main^ classroom at the end of 
. the 35 minute work period.. ^ ' * 

III. - Trainees Report Findings (40 minutesO ■ ' 



A. "Reconvene class in main classroom. 

B. Have. work groups report their finding&w 

1. Call orT groaps sequentially, beginning with 
Group 1, to report- findings (allojtate about 8* 
* minutes per group).* ^ 



a. 


Group \ 


- F/M Increasing . 


b." 


Group 2 


- F/M ■ Decreasing ■ 


c. 


Group 3 


- MCRT Increasing / 


d. 


Group 4 


- MCRT Decreasing 


e. : 


Group 5 


- MLSS RR Increasing 


^ f . 


Group 6 


- MLSS RR Decreasing ■ 


g* 


Groups 7 


- Settling Rate Increasing 


h. 


Group 8 


- Set ^t ling Rate Decreasing 
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is%°Scet-"- ^^-^^^ -use 

h!?"! solutions on pages' 

. "^^-^-l-Wn.; 3^, challenge groups to justify 
their recommend^Lrions as appropriate. 

Note that there is overlap and commonality between 

""oJpUt^r"'""^'" " =1..?3 .f«r discussion 

Key Joints & Inc.rr.. ctor Guide . 

' School Solutions 

Refer to . pages HIK 7. l-HH. 7. 7 

Refer to pages H 11. 7. 8-ftri. 7. 13 

Refer to pages.Sll.7.14-Hil.7.i5 

Refer to pages 'Hll. 7. 16-Hll. 7. 19 , 

Refer to pages Hll. 7. 2(Hlll. 7. 23 ■ , 
-Refer to* pages HU.7.24-H11. 7.28 
■Refer to pages Hll. 7. 29-Hll. 7.^33 - \ 

Refer to pages Hll,7-34-Hli.7.37 

Reproduce pages-: Hll. 7^1 - Hll 7 37 % r. 
s^ficlent quantity, to distribute ' che . 



A. Using one. solution sheet, page Til. 7^4, ^the F/M 
increasing case, point out that there were many 
things which could have caused • this,, observation. 
Point out that the cforrect process cottirol response 
was different f or . each possible cause of ' the problem 
altliougii several other .control responses couid be made 
to reverse the observed "increase in F/M*if this were 
the only 'information available to the ^operator and 

. troubleshooter. ^ ' 

B. Foint^ out that by .looking at , the four control 
parameters, \ F/M, MCRT, 'Sludge Settleability and *MLSS 
RR, together it is fasLrly easy to eliminate several 
possible causes and"* narrow the list to the one most 
likely cause. . ^ > 

C. After identifying the cause of the- problem, a correct 
. process control . response decision can be made. 

D. Emphasize the ;importanlce' of looking at -all availajt>le 
information about the process before making a 'process 
control decision > and. changing process " control 
variables* Incorrecj: control responses can be made if 

' only one -parameter is considered. tThis may cause more 
problems that* it; solves. ' -i 

R^ommend that routing monitoring of F/M,-' MCRT,- kludge 
' Settleability and ^ocess respiration rates be 

considered for all actiS^ated sludge plants. If it is 
.practical (personnel and *: dollar, resources available) 

to institute a comprehensive ; process cont^rol 

management system, . the process can be controlled to 

produce ^ood.. effluents consistently.. 
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Training Sample 13 

.-Unit^li; Activated Sludge^ Trainee Notebook^ ' 
fS?lTtIES°"'' ° ' '^"^^^^-^^ W^sSteI TREATMENT 
NTOTC 

Cincinnati,' Ohio 45268 - ' *- 

December 1$79 ^ 



.Til. 7.1 
.Til. 7.3 



Trainee Notebook Contents 

Problem Identification and Process Control 

Response - Problem Statement 

Flow Schematic foV Use in Problem Solving. .... 

Problem Identification and Process Control 
Response - Instructidns for Completing' 
Worksheet. ..... 

Problem Identification arid Process Control ■ ^ ■ 

>^ Response - Worksheets- . Til 7 5 
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Activated Sludge Process Troubleshooting 
"Problem Identification and Process Control Response 



■ '. ^ Problem Statement 

■ . -4^ * _ ■ 

^ While attending a local operator association meeting,' you 
are introduced to John Schmijtt, superintendent at a new 10 MGD 
step feed activated "Sludge plant. John has heard that you are 
an expert- in activated sludge process control and asks you to. 
help him solve recurrent process control problems which have 
occurred at 'the, new' pl^nt;. The plant has been in operation 
about ' a year but has never consistently produced a good 
effluent. 

John informs you that- he . was superintendent at the city's 
old trickling filter plant, which was: replaced by the new 
activated sltfdge.: plant* about a "jear ago. John confesses 'that 
he knows very little ■ a^bout ^feCJlvated sludge treapment and ' 
process control. ^ Everytnlng he knows about process control in 
the plant he got from the 0.- & M manual which was prepared by 
the design firm as the new plant was constructed. Because -he 
knows little about activated sludge, John has mechanically . 
followed the process control procedure outlined in the 0 & M'^ 
manual but has never been able to get the plant to perform 
properly. 

The piant design flow .is 10 MGD. There are separate storm 
water and sewage collection systems. The raw sewage is pumped 
to the plant headworks from a large lift station" which is 
.equipped with one variable speed 5000 gpm, one constant speed 
5000 gpm and one 'constant speed 3000 gpm- raw sewage pumps 
activated by level controllers in the wet well* Preliminary 
treatment consists of bar screening, comminution, grit removal- 
and flow measunnent. The pretreated waste , is fed to two 
circular primary clArif iers. The primary effluent from the 
two tanks discharges to a common channel which feeds the 
aeration .basin. The ""aeration . basin has step feed capability 
at the . quadrant points in the four pass plug, flow aeration 
tank. Mixed liquor is "distributed to two circular final 
clarifiers. The final clarifier effluent .is chlorinated 
before discharging to the river. The underflow from the two 
clarifiers discharges to a common return . sludge wet well. 
There are two variable speed 5000 gpm return sludge * pumps. 
All return sludge discharges to the firs t quadrant of the 
aeration basin. Return sludge flow is metered, and "the return 
sludge flow can be varied from 1400 to 10, 000 gpm» Waste 
activated sludge is pumped from the return sludge wet well to 
the primary clarifiers. The waste sludge pump is a 1500 gpm 
constant speed pump activated by a time clock mechanism. 
There have been no problems in solids handling. 
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•Which di/cfa°r 'o°"the ol'''." T 

large vaStlfL "n ^y^ratul Ind ^rrL'^'i ^^'^"^^^^ 
. average daii. now%rtht%w7s%°^^^ P.^^ 

trea^fct S^„ith''alf Tnf conventional 
^ntevh^^ ffJZ ^1 j"^l"ent wastewater and. return sludge' 

noJLl!r^e,ates iitra . °' ^^^^^ -^o'" 

about 6 MGD and ,o3y variT ^'"'^^ 

bUaket in the i f^^^ return rate if the sludge 

co^a"t volSe ot^udge i^'ifL ^^''l, f ^^^^ ^ ^ 
rate has net LI ^^^^^^ /^^^^'^^'^ each day because the waste 
.ngi.e^r%rrLg^Y:^^^^^^^^^ ^^V-ting rate set by the 

So J2:s ^the%-rA is erratic' 

clariSiers. SometirS the ,i T °^ ^ ^"^1 

final clarifiers ;uf leaves y^u^T^^^ "^'V 

^-4^^;"^5.,r.3^^-V'^r"^- ef/i2;.xit^fo^t^";et . 

^ S^ri e'Lf^SnerSn -l-^ '^^- this plTS 

results <^hmT^,^ , permit. John knows that these test 

■ k-w'iL ?he telt";: uJtsr''^"'''."' ^^"^ 

uesc results mean or how to use them. 

.laboratory data. ' " interpret his process control- 

Tli^^2^?de"v:ior'th:"n''^''' worksheets, pages Tll.7.5 - 
charts Yo c P'^ocess control and troubleshooting 
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FLOW SCHEMATIC FOR USE IN PROBLEM SOLVING 

ERIC • j[ I 2 



Activated Sludge Process Troubleshc^oting 
. f*rob:i*m Identification and Process Control Response 

Instructions for Completing W^ksheet ' 

'-co ' ■ 
. «" •. ■ 

1. Prepare the worksheet- in the context of the problem 
statement, i.e., a very flexible plant design which can 
accommodate many different process control adjustments in 

. response to observed process conditions. 

2. A -change is observed in one process control parameter as 
specified at the top of the 'worksheet. 

3. Possible Causes, of Observed Condition! - Possible Cause; 
List all things which -cojild have occurred in the system to 
cause the' chaijge obsen^d in the monitored parameter. Be 

. as- specific as possible. For example, if one- possible 
cause for the observed condition is a change in applied 
• .load-, specify the ways in which the load change could 
occur. Applied BOD load could increase b^ause (a) ' th6 
influent BQD concerrtratibn increases with/%low remaining 
constant (b) thfe- Igifluei^t flow rate increases with thL 
BOD concent-ration remainfng constant, (c) both flow rate 
and BOD concentration increase, (d) an internal plant 
recycle stream is returned to the aeration basin, etc. 

. • Observations and Data to Confirm Causp i What additional 
observations and tests would • you" perform to conf irm this- 
^as the cause of the problem and what result would you 
expect to see? For each possible cause, include the 
expected change in F/M, MCRT, - Sludge Settleability and 
Ml^b RR as. your minimum entry in this column. ^ 

. Process Control Response to Observed Condition. For -each 
possible cause of the - observed condition, ent"^ " the " 
correct process control response. ' Process . control 
responses should be considered as immediate or temporary 
(things to do right now to solve an immediate problem) and" 
long term (things to be done which will' correct the 
problem and prevent possible recurrence of . the problem). 
For example, suppose the sludge settling^ rate decreases 
because of organic overload and the f inal^larif ier sludge 
blanTcet becomes very high 'and solids l^h-out from the 
clarifier - is .imminent.. Then an immediate" response may be 
to lower the sludge blanket by increasing return rate 
temporarily to prevent solids wash-out-, but the long-term 
solution... to correct the problem may be to reduce ' return 
sludge rate arid increase solids inventory. Be as exact 
and complete as possible in listing process control " 
responses. , 



0- 



r 



\ 

'r ' ' . 
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Hll.7.1 -Hll.7.37' 



Activated Sludge Process Troubleshooting 
Problem Identif ica-pioa and Process "Control Response 



PARAMETER MONITORED: . F/M 

OBSERVED CONDITION: F/M Increasing 



, POSSIBLE CAUSES OF OBSERVED CONDITION^ . 1 . ' 

* Observations and Data to Confirm Cause ' . • * 

1. Settling rate decreasing \ ■ ' ' . - . 
. MLSS RR,- increasing ; ' ' / , . 

MCRT - constant or slowly increasing 
Solids Inventory - constant or slowly increasing 
Fed 'STiidge RR - increasing 
' Influent . Flow Rate • about the same , ; ^- • 

Aeration 'Basin D.O. - decreasing" . \ 

Possible* Cauifee's - Increased crrganic load ' caused by 
• "increased influent BOD concentration with' little change in 
influent flow rate ' . . - . 

" 2. Settling rate • decreasing or no change r 
MLSS RR increasing, "or no change. \ ' ' 
MCRT • constant or slowly imcreasing ^ ^ 

Solids Inventory -^constanr of slowly increasing 
Fed Sludge RR - increasing ^ ^"^ 

Influent Flow Rate - decreasing V . ' , ' ^ 

Aeration :Basin l^'iO. . - decreasing or about the sane " '\ 

Possible Causes • Increased organic load caused by 
' increas'ed influent BOD concentration with a- decrease in 
influent f Jew. rate . ^ 

3. , Settling Rate - usually decreasing 

MLSS RR - ^creasing ' ' ' ^ - 

MCRT - constant or* slqjrfly increasing " ^ 
.Splids Inventory -'constant or s lowly ^increas i n"!^ ' 
Tfed Sludge RR^-^about the same , ^ 
influent Flow" Rate - increasing 
- Aeration Basin D.O, - decreasing , ' " 

. Possible Causes - Increased organic load caused by 
increase in influent flow^^ate with' little change In 
influent BOD concentration I ' 
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4. Settling Rate - decreasing .or no change' - 
MLSS^RR - increasing or ho change ■ 
MCRT - Qonstant or slowly increasing 
|olids Inventory -^constant or slowly increasing 
Fed Sludge RR - decreasing 
Influent Flow Rate - increasing . 
Aeration Basin D.O. - decreasing or about the 



same 



Possible Causes - Increased . or'ganic load cadsed by 
increase in influent flow rate with a decrease in^nfluent 



BOU concentration 

Settling Rate - Decreasing - . ' 

MLSS Rg^ i-ncreasing % . 
MCRT f constant- or sjowly increasing ' 

V A cb " constant or slowly increasing 

Fed Sludge R|^, - increasing 
Influ^t Flot^ Rate - increasing 
AeratioVBasin D.O, - decreasing 

■y 

Possible Causes - Increased organic load caused 
increase in both influent BOD and^i^luent flow rate 

_.6. Settling Rate - decreasing ' 
MLSS^ RR - increasing ■ 

MCRT - constant or -slowly increasing' , '1 

Solids Inventory - constant or slowly increasing 
Fed Sludge RR - about the ^ame if sample collected' before 
recycle stream enters the aeration system 
' - Increasing if sample collected 'after v 

recycle stream e.nters the aeration system ' - 

Influent Flow Rate - aljout the same 
. Aeration Basin D.D; - decreasing - ' 

< Possible Causes Increased organic'^'* load caused by 

internal, plant recycles ^ . 

.7* Settling. Rate - decreasing. 
MLSS RR.- increasing 
MCRT - decreasing ' ..^ 
Solids- Inventory - decreasing 
Fed Sludge RR - about the same 

Aeration Basin D.O. - increasing or about the same 

" ■ > ^ ■ ■ 

Possible Causes - Decrease in solids inventory caused by 
excessive deliberate wasting ^ 
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Settling Rate - decreasing 

MLSS RR' - increasing . a • 

'mCRT -decreasing ' " • 

'Soli& Inventory - decreasing 
Fed Sludge RR - about the same 
Influent Flow Rate - about the same 
Aeratioti Basin D-0«. - increasing or about the same . 

.Possible Causes - Decrease in solids inventory caused by 
excessive effluent suspended solids 

9. Settling Rate - no change 
MLSS RR - no change 
MCRT - no change . 
Solids Inventory — no change 
Fed Sludge, RR — no change or increasing 
. Inf luent Flow Rate - about the same 
Aeration Basin D.O. -about the same 

Possible Causes - Nitrification occurring in BOD test used 
to meagur.e applied load ' . ^ c/- 

PROCESS CONTROL 'RESPONSE TO OBSERVED CONDITIONS: 
Posgiblg Cause 1 '\ ' ' 

J:. ■ Immediate- or^T^^^^rary Respons^^ . ' . 

-a. Check final clarifier sludge blanket depth. • - 



- 1. If the blanket is rising rapidly with possibility 
*of solids* washout,- then temporarily increase 
return rate or waste rate to lower slu4ge -blanket. 
. * -Reduce return or waste rate 'as soon as blanket 
can • be. retained in final clarifier. ' CAUTION: 
> Increased hydraulic load' *on clarifier may cause 
solids, washout. * »This action may -cause slow sludge 
se 1 1 1 i ng problem to ge t worse^ before long range 
correcitive. actlSojis affect process. This temporary 
response is a calculated risk! 

2. If the sludge blanket is not out of control, 
implement long term corrective actions. 

b. Check aeration basin D.O. If D.O. is less than 1 
mg/1, increase air supply. ^ 
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2.- Long Term Corrective Action . - 

■^•■"^f sludge blanket can be retained in final 
' ' reduce return sludge flow rate-concentrates 

^ ■• - return sludge and increases aeration detention ?i"e 

!^d"ti deliberate wasting" to increase solids inventory 
and sludge aeration time. . Continue 'to monitor F/M 
sludge *e.ttleabiy ty and MLSS RR and balance sv^i.! ?; 

. \ 

c. If a and b" don' t" wock, then 

1. Increase aeration detention time by placing 
. . additional aeration-basins into service. ^ 

2. Increase kludge detention time- by converting- to ■ 
sludge, reaeration operating, .mpd^. ■ • "'^"8" 

Possible C ause 2 • ' ' 

1- Immediate or Temporary Respo^ise ; * • . ' . 

as possible cause 1 respolfees) ,• • 

^- Long Term Corrective Action \ . ' ^ ' • 

:n""cS;ii^l.S ^ '"^-n^rand'-^esprd^^S 

load. •! ■ """'^ °f increased organic 



b. 



If settling- rat^.is- decreasfJm' and MLSS rr'ic' 



Possible Cause 3 '- 

1. Immediate or Temporary Response 

• (Sambas possible cause- 1 responses) 

2. Long Term Corrective^ Actions " 
(Same -as possible cause i responses 




Possible Cause 4 - " ^ ' . 

1, I^ediate or Temporary Response . 

- (Same as possible cause 1 responses) .., 

* - * •*•.*/ . > 

.-2. .^Long Term Corrective Actions ."^ .\ ... - ' ) 

/ (Same as possible cause 2, reponses)> - ^ , ".^ - 

Possible Cause 5 . . . * > 

1. iramediace or Temporary Response ' ^ ' ' 

(Same as possible ^cause 1 "responses).,' ■ " 

Long Term Corrective Actions " 

-^ame as possible cause. l\r€Spon5es» Need to use . " 
* additional aeration volum\ or sludge reaeracion to handle • 
new load, is mor.e, likely -for' .these inf luertt-d-o^ ■■ , 
couditions..- . ' - ' ^ ' ' , 

.Possible Cause»6 • ' . ' 



- 1.. Immediate or Temporary Response » - f i. \ 

■ a. Same as possible 'cause^- l i'espX)nses' ' . . . . 

\ / b. ■ Identify source of internal recycle r-and ^ modify- 
. ' V /.operations creating the internal recycle ^;to.. eliminate" 
: 'or' reduce 'the recycle, if possible . ■ 

2. Long Term Corrective^ Actions ^ • 

a. Same as possible cause l/res^>onses v , 

b. If -^^ internal, recyicles cause- serious problems , which 
_ ■ '^s^inteTfeve v^ith^.tre^tment of influent wastewater, the 

recycles cannot be eliminated and the aeration system 
cannot., be ycbnt rolled by responses in a, then 



i; / Pre-treat recycle .streams before . returai-ng- to 

aeration system; . 

I. ' - . . ■ * ■ . . ' 

2« Prdvide^'*means to equaliize recycle- loads and biLeed- 

. them*ilitb aeration system; ^ " ' - 

i'3.t .Pre-aerate recycle streams before ^returning to 

aeration' system; * ' 




4. 



Consider and evaluate use ' of^^ cheraijcal additives 
such as 'coagulants and coagulant aXds. irr -^aeration 
systeia to maintain; jtrocess*^ ' * integrity. 
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Possible Cause 7 - ^ r 

!• Immediate: or Temporary Response * ' / 

, (Same as. possible cause 1 reponses) 
2. Long Term Corrective Actions V ' 

a. ttecrease waste activated sludge' i:o increase solids 
^, inventory. Monitor F/M and ^ MCRTand readjust wasting 

*tate when parameters are in Optimum range. 

b. - Decrease re t'Srn. -Activated sludge flow rat^ ' 'Jro 

concentrate return and increase aeration fcasin 
detention time 

c. ' If a and ^"^e not effective ' . 
- ' ^* In^crease aeration volume in use 

2. Use sludge 'reaeration mode of operation 
Possible Cause 8 ' * 

1. Iipmediate or Temporary Response 

a. Same as possible ^use 1 responses 

b. Check and evaluate ^inal clarifier operation and 
design for possible problems 

1. • Sludge collection, return or wasting systems not 
operating properly 

a. *Rake or collector drive mechanism broken or 

shut off. because of torque overload 

b. Broken chains 

c. Missing flighty .or scrappers 

d. Plugged collectors or pumps 

, ^ / \ e. ■ Pumps not operating ^ 
.■ 2- Hydraulic overload ' ' 

3. Solids overload 

■ ' - ■ '» ' 

4. ' Improperly maintained clarifier weirs 



• 5. Unequal *lQad distribution to multiple clarifiers , 
Improperly designed clarifier 

a. High velocity currents at weirs 

b. Short^ circuiting - 

Long Terra. Corrective Action . . ' 

a. ^ Sanve as possib\e cause 7 responses 

b. Correct final clarifier deficiencies r 

ll ' Sludge collection, return -or wasting systems riot 
operating' properJJr 

* . ' • • _ ^ . ^ . • . - • 

•a^ Repair or reset ' ' 

b« Repair or re'place 

, ^ Cm Repair 

•.d. . Unplug collectors or puin^s . ' 

e. RepairS^z"; reset pumps 

2» Hydraul.ic'. overload .. - 

I "a. Put additional cl£r?fiers in. service, if. 
/ possible ^ . 



b. Reduce hydraulic ' load to ., clarifier', if 
possible ' . 

3. Solids -ove'rload . . 

a. Put. additional clarifiers in service* 

b. ^Reduce solids load to clarifier, tf possible 

c. Take actions to produce faster settling solids 
(possible cause 7 responses)-^- 

4. Improperly maintained clarifj.er weirs 

(Check weirs for level and level- if necessary) 



122 

116 



5. Unequal load distribution to tnultiple, clarifiers 

a. Check weirs, tq . .verify chat all : clarifiers have 
same weir elevation. Adjust , as .needed/ 

b. Check inlet and effluent -structures for 
obstructions - remove obstructions 

c. Check and adjust flow distribution- syste;n 

6. Improperly designed clarifier • ' 

' ■ " #^ •"■ 

a. High velocity currents at weirs 
i. Check adequacy of total weir length.* Add 

•■weirs if needed 

i^- ' ^' Block excess "'weirs tfjjfech may cause 
^ localized velocity currents 

* 3. , If- velocity currents caused Ijy weir 
-placement top cl6se:;.to wall, move weirs 
- away from wall • ' ' ' 

b. Short -circlzi ting - ■ . 

1. Check and adjust weirs 

2. Check" adequacy of inlet target baffles and 
skirts. Correct target baffles and skirt 
deficiencies. 

• 3.- If inlet velocities are excessive, provide 
. .. - . mechariism to' dampen inlet velocities 

, . A 

■V. A._;Check for thermal stratification in 

- clarifier. Elfminate cause of thermal 
stratification. 

Possible Cause 9 

1. Immediate or Temporary Response 
(N'one) 

2. Long Term Corrective .Action • 

a. Continue operation using current practices if process 
is performing well and there are no other problems 



'•■■i. 
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Check, evaluate ; and correct BOD ^est propedure. Most 
likely cause is. high . nitrifi^r- population in .seed 
organisms used in BOD test - 

1. Change seed ^ " ^ ' .' ' 

2. Inhibit nitrif ication in:^ BOD, test using alternate 
procedure ^ 

NOTE: • This problem frequently occurs in' effluent BOD 
determination also " s 

Nitrification in influent BOD test may be desirable, 
and hence, this .is not a problem^ 
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TITLE . ACTIVATED SLUDGE. 

AUTHOR ■ SCHROEDER, E. D. . ^ 

CORP AUTH CALIFORNIA UNIV., DAVIS. 

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL 47 

NO '6, P 1261-1269, JUNE, 1975. 101 REF. 

KEYWORDS *REVIEWS , *BIBLIOGRAPHIES, *ACTI VATED ' SLUDGE , 
■N *WASTE WATER TREATMENT, INDUSTRIAL WASTES, 
PHOSPHORUS, NITROGEN, NUTRIENT REMOVAL, DESIGN, 
OPERATIONS, MATHEMATICAL MODELS, AERATION, WASTE 
TREATMENT, WATER . POLLUTION CONTROL, PULP*^ WASTES, 
CONTROL, HEAVY METALS, BIOCHEMISTRY, MICROBIOLOGY,. 
TOXINS, SLUDGE TREATMENT, SLUDGE DISPOSAL, 
ECONOMICS, COSTS. \ 

ABSTRAgy' ■ THE 1974 LITERATURE ON THE TREATMENT OF WASTE 
WAt'pRS BY THE ACTIVATED SLUDGE PROCESS IS 
REVIEWED. TOPICS DISCUSSED INCLUDE: PROCESS 
MODELS, CONTROL, AND DESIGN AND' OPERATION OF 
ACTIVATED SLUDGE PLANTS; MICROBIOLOGY" AND 
BIOCHEMISTRY OF THE PROCESS; ' REMOVAL OF HEAVY 
METALS AND EFFECTS OF TOXICANTS; INDUSTRIAL WASTE. 
• ^ .WATER TREATMENT;. AERATION; NITROGEN AND PHOPHORUS 
REMOVAL; SLUDGE THICKENING AND DISPOSAL; AND COSTS 
'of ACTIVATED SI.UDGE PLANTS. REFINERY,. PULP ' AND 
PAPER, AND -DISTILLERY WASTES ARE CITED AS EXAMPLES 
OF SOME OF THE WASTE MATERIALS THAT ARE BEING 
TREATED BY THE ACTIVATED SLUDGE- PROCESS." 
. (WlTT-lPC) 

TITLE ACTIVATED SLUDGE BASIC DESIGN CONCEPTS. 

AUTHOR . MCKINNEY, ROSS E.; OFERIEN,- WALTER J. 

CORP AUTH. KANSAS UNIV., LAWRENCE. ' ' 

AVAIL ' JOUPLnAL OF WATER POLLUTION CONTROL FEDERATION, • 

VOL 40; NO 11, PART* 1, P 183-l-r834, NOV 1968. 

16 REF. 

IDEN SCREENIN'G, PRIMARY SEDIMENTATION,' SECONDARY 

SEDIMENTATION. . . . ' ' 

KEYWORDS ' *ACTI VATED SLUDGE, *AERATION, *DESIGN, *WASTE 
WATER TREATMENT, HISTORY, MIXING, SETTLING BASINS, 
SLUDGE DISPOSAL. 

ABSTRACT THE DESIGN OF ACTIVATED SLUDGE SYSTEMS HAS EVOLVED 
SLOWLY AND PROGRESS HAS BEEN MADE LARGELY ON AN 
EMPIRICAL" . BASIS. XHIS PAPER PRESENTS THE B-ASIC 
design" CONCEPTS f6r A MODERN ACTIVATED SLUDGE 
' SYSTEM INCLUDINGJjTHE FOUNDATIONS ON WHICH THESE 
CONCEPTS WERE '^.J^EVELOPED. • DESIGN PARAMETERS 
DEVELOPED FOR * CONVENTIONAL AND COMPLETELY MIXED 
SYSTEMS INDICATE THAT AERATION WILL BE FROM 3 TO 8 . 
HOURS. TOTAL MLSS WILL RANGE FROM .1500 TO 4000 
MG/L, . ORGANIC LOADS. OF 0.5 TO 0.7 LB ^BOD/LB 
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TITLE 
PUB DATE 
AVAIL 



DESC 



.ERIC NO. 
EDRS PRICE 

DESC NOTE 



ISSUE / 
ABSTRACT 



-TITLE 
PUB DATE 
DESC 



ERIC NO. 
EDRS PRICE. 



ACTIVATED SLODGE PROCESS WORKSHOP MSaAi. 

ssrsERvx^ETsao °ir^LET"™s^uf 

TORONTO, ONTARIO. cJ>»AM "I (ji o" OR^eS 

s j=To^?rs„Ri^ o?isJ-r^ ™ 

Si^»!^eS^/r?S;SSs*^^^^^^^^^^ 
is? ^^"^^'stage. hc not avaiiable 

Z^2P.; FOR RELATED DOCUMENT SEE SE" n7A 99fi 9io 
NOT AVAILABLE IN HARD COPY nrir J^"^^^' 

RIE0CT78 : 

THIS MANUAL WAS DEVELOPED FOr'^ USE AT WORKSHOP.; 

SSeSa?eK^TrSS^.^ ™' KNO.WI£DGr'oF''EXp"S ED 
LEsSv^ Tv^™^^ PLANT'. OPERATORS. EACH OF THE 
LESSONS IN THIS DOCUMERt HAS CLEARLY ^Ti-rcn 

AJCtAb COVERED IN THIS MANUAL INCLUDE- TVPfc avh 
^^CTORS AFFECTING ACTIVATED "SS"' pScESsJ^ 

■ c°^^""^^"°^ ^ SOLUTION OF OPERAT•II^b PrSbSs* 
SELECTED TESTS AND MEASUREMENT S^Sf?!/ 

?oTSnT-c?s)"°^^-^ - xe'rms^Sc^SS 

■ ACTIVATED SLUDGE. TRAINING MODULE 2. 117. 4. 77. • 

*INSTRUCTIONAL MATERIALS. *POST SFCnvnA^v ' 

'mGHINcTuSEl 
*ACTIVATED IT^Z'. "^^^ POLLUTION CONTROL ' 
4"SSSr. TrSt ■ ■ (WASTEWATER)! ■ . 

ED151222 

EDRS PRICE MF-$0.83 HC-$6.01 PLUS POSTAGE 
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DESC NOTE IIP.: FOR . RELATED. iX)CUMENTS, SEE SE ' 024-025-447 ; 

CONTAINS. SMALL-'TYPE. IN FIGURES * , . 

ISSUE RIEJUL78 ' 

ABSTRACT THIS DOCUMENT. IS AN INSTRUCTIONAL MODULE PACKAGE 
PREPARED in' OBJECTIVE FORM FOR USE* BY AN 
INSTRUCTOR FAMILIAR WITH ^OPERATION OF' ACTmTED , 
SLUDGE WASTEWATER TREATMENT PLANTS. INCLUDED ARE 
OBJECTIVES, INSTRUCTOR GUIDES^ STUDENT HANDOUTS, 
. AND TRANSPARBNCY MASTERS. THIS IS. THE* THIRD LEVEL^ 
OF A THREE MODULE SERIES AND CONSIDERS DESIGN AND 
OPERATION PARAMETERS, PROCESS tX)NTROL PROCEDURES, 
INTERPRETATION OF TREND CHART DATA AND THE OXYGEN 
UPTAKE TEST.- (AUTHOR/RH) - . 

TITLE ACTIVATED SLUDGE-UNIFIED SYSTEM DES'IGN AND 

OPERATION 

AUTHOR ICEINATH, T. M.; RYCKMAN, M. D.. ; DANA, C. .HV; 

HOFER, D. A. * 
CORP'AUTH CLEMSON UNIV.,. sc. DEPT. OF ENVIRONMENTAL SYSTEMS 
ENGINEERING. 

JOURNAL OF THE ENVIRONMENTAL ENGINEERING DIVISION, 
PJIOCEEDINGS OF ASCE, VOL 013, NO EE5, P 829-949, 
OCTOBER, 1977. 11 FIG, 2 TAB, 19 REF, 1 APPEND 
★ACTIVATED SLUDGE, . *ANALYTICAL TECHNIQUES-, 
★SEDIMENTATION RATES, ' TREATMENT FACILITIES, 
★DESIGN, BIOLOGICAL TREATMENT, ■ OPERATION AND 
MAINTENANCE, EVALUATION, AERATION,. WASTE WATER 
TREATMENT ■ 

THE SETTLING FLUX APPROACH CAN BE ADAPTE_D FOR 
EVALUATING ECONOMIC TRADEOFFS ■ BETWEEN ALTERNATIVE 
DESIGNS FOR WASTE ' WATER TREATMENT SYSTEMS. • THE 
DESIGN BASIS^ FOR THE AERATOR INCORPORATES SOLIDS 
RESIDENCE TIME AND HYDRAIJLIC RESIDENCE TIME.* . THE 
DESIGN BASIS FOR THE CLARIFIER INCORPORATES THE 
CLARIFICATION 'CONSTRAINT, AND A' RECYCLE RATE 
CONSTRAINT. THIS. METHODOLOGY CAN BE USED FOR 
EVJ^COStING TH£ economic ASPECTS OF AN ACTIVATED 
s/OTGE system consisting OF AN AERATION BASIN, 
jK-ARIFIER, AND SLUDGE PJIOCESSING Eq/iPMENT. THE. 
SETTLING - FLUX APPROACH CAN ALSO BE USED IN 
OPERATIONS MONITORING OF *'AN ACTIVTED SLUDGE 
SYSTEM. THIS 'APPROACH INDICATES THAT INCREASED 
HYDRAULIC .FLOW' RATES WOULD ONLY CAUSE SOLIDS ^TO^ 
ENTER THE EFFLUENT AT CERTAIN CRITICALLY LOCATED 
POINTS NllAR THE SETTLING FLUX CURVE. FOR' DECREASED • 
HYDRAULIC FLOW RATES, THE RECYCLE RATE COULD BE 
REDUCED TO THE POINT OF CRITICAL LOADING. THE 
•SETTLING FLUX APPROACH INDICATES THAT THE FLOW ' 
PROPORTIONAL RECYCLE. CONTROLS CAN ESTIMATE THE / 



PUB DESC 



DESC 



ABSTRACT 
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TITLE , 

author' 
■corp au.th 

AVAIL 
IDEN . 

keywords 
absxractV 



REQUIRED FLOW FAIRLY ACCURATELY. IT DOES vnr 
HOWEVER. PROVIDE THE PRECISE RECYCLE S^TE^QuS 
TO MAINTAIN. THE CURIFIER IN A CRITICALLY 
CONDITION. THIS APPROACH CAN AlS "siikLlS? 
HYDRAULIC SURGE .THAT A SYSTEM TOULD A^CoSdI?? 
.WITHOUT INDISCRIMINATE SOlTdS WASTING 
- APPROACH CAN ONLY BE USED TOR OpERAtJ^J^ 

ZlTs"'^ ZxSr°^ current'^setSn^'JS ^ 

. SE^SS.^^^^^^^^ SOLIDS- ■^TI;G^ 

AERATION: PROPER SIZING TS. CRITICAL 
SHERRARD, J. H. ' 

VIRGINIA POLYTECHNIC JNST. AND- STATE HNTV 

■ BUCKSBURG. DEPT. OF CIVIL ' ENGINEERING 

WATER AND WASTES ENGINEERING, VOL-- 14 NO 4. P 6? 
66-67, 71, APRIL, 1977. 4 FIG, 4 T^ 6 REF ' 
MECHANICAL AERATORS ■ • - 

*pSS^Z^ - ^^T^'^" ■ FACILITIES, " *DESIGN, 

■ 0?S!S J^.i^' ^PE^RATURE, MICROORGANISMS,. 

^ItKfSaI^OV ' NITROGEN 
NITRIFICATION,: *WASTE WATER TREATMENT - 

'^Ns?DERe'd"°'\w S^^^ .^CHAJJICAL Ae'raT0R3 WAS 
CONSIDERED. ANY AERATION METHOD MUST PROniirp 
ENOUGH MIXING TO MAINTAIN ACTIVATa.- SLU^ 
SUSPENSION AND SUPPLY SUFFICIEN^^SS^s?^ S 
.to.MEET THE DEMANDS OF MICROBIAL GROWTO. ^InoS " 
WERE PROVIDfiD TO HELP JUDGE A- GIVEN "SSr'I 
sSS""' AERATORS MUS? ^0 

STANDARDS-: POWER, AND' SUFFICIENT OXYGEN fob 
MICROBIAL METABOLISM. THE FIRST DEPEiS SoN-Se 
TYPE OF AERATOR AND THE GEOMETRY OF THrBASIN Se 

^SlT,ii,ZTJrr^^^^ R^OvS' S^ 

NITRIFIEATION, AND DEPENDS ON PLANT OPERATION AWn 
THE B0D5/0RG-*! + NHX+4) - N RAno! SL??? 

f^-n"nw''"' «^ ESTABL-ISHeS MA^E 

.A.ND OJCYGEN NEEDS "PREDICTABLE J^:^^^ 

TREATMENT PROCESS . OPERATING C^^IONS SE^ER^L 

EXAMPLES OF- TYPICAL SOLUTIONS W-STpreSEnST^T 

WAS CONCLUDED • THAT TUE.wUSE OF 'a'^O -OF 

SeaTing^I^^^.^ ^ "^/"^^'^ ^ •■■ 

MISLEADING , AND RESULT IN A FAULTY SELECTlnv 
NITROGENOUS- OXYGEN- "qeMAND FROM NITRIFiSSS^ 
SHOULD BE USED FOR AERATOR ' SELECTION IF " 
MEAN CELL RESIDENCE.- TI>E .VALUES ^SED ■ ' 

TRANSFER REQUIREMENTS CAN, BE MET IN SOMsJScES ' ' 



BY IpWERING PROCESS MEAN CELL RESIDENCE . TIME TO 
DECREASE OXYGEN. NEEDS. (COLLINS-FIRL) 

TITLE AN AUTOMATED SPECTROPHOTOMETRIC SUSPENDED ' SOLIDS 

ANALYSIS FOR ACTIVATED SLUDGE. 
AUTHOR FINGER, R. E.;' STRUTYNSKI, B.'J^.^" 

CORP AUTH MUNICIPALITY .OF .METROPOLITAN SEATTLE, RENTON, 

WASH. RENTON TREATMENT PLANT . 
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION', VOL 

.47, NO 5, P 1043-1054,^ MAY,' 1975. . 11 FIG, -4 TAB, " 
^15 REF. ^ ' ■ 

, IDEN *SLUDGE VOLUME INDEX 

KEYWORDS *ACTIVATED SLUDGE, . *BIOLOGICAL TREATMENT, 
■ *SUSPENDED SOLIDS, *WASTE WATER TREATMENT, 
COLORIMETRY, AUTOMATION, SAMPLING, MEASUREMENT, 
ABSTRACT ANALYTICAL TECHNIQUES, *POLLUTANT^ IDENTIFICATION, 
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.THE MEASUREMENT OF SUSPENDED SOLI£)S CSS) 
CONCENTRATION -IN. BIOLOGICAL WASTE TREATMENT IS 
' . ^ ' USED AS A PRIMARY CONTROL, FOR PROCESS ADJUSTMENT. 

' THE SS MEASUREMENT IS NECESSARY FOR CALCULATION 
■ OF cell' RESIDENCE TIME, ORGANIC LOADING, AND 
SLUDGE VOLUME INDEXES, THE DETERMINATION OF TYPES 
OF POLYSACCHARIDES ASSOCIATED WITH ACTIVATED 
SLUDGE X AND THEIR EFFECTS ON THE PHYSICAL 
CHARACTERISTICS OF SLUDGE "HAVE BEEN INVESTIGATED 
BY A SAMPLE COLORIMETRIC TEST. THE PURPOSE OF THIS 
. ' ' ■ STUDY. WAS' TO CONSIDER THE POSSIBILITY OF ADAPTING 
THIS ''test TO AN AUTOMATED^ PROCEDURE. A MANUAL 
COLORIMETRIC^ PROCEDURES WHICH TAKES ^ TWO OR .THREE 
HOURS WAS FIRST , TESTED AND IT ' PROVED TO. 
EFFEfrriVELY MEASURE MIXED LIQUOR SUSPENDED SQUIDS 
. , AND VSS. THE AUTOMATED SFECTROPHOTOME.TRIG SS t^ST 
. TAKES ONLY FIFTEEN MINUTES AND WAS DEMONSTRATED TO 
.BE PRACTICAL FOR * USE* .ON A CONTINUOUS BASIS. 'THE 
MAJOR PROBLEM WllH THE, TECH^QUE IS ' SAMPLING, 
WHICH MAX^BE IMPROVED BY THE INSTALLATION OF A 
HOMOGENIZATION SYSTEM. ' (PRAGUE-TIRL) . - ' 
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this manual was developed for use" at workshops 
m:signed to . introduce operator's tct the 
■fundamentals of sewage plant operation. the course 
consists . of lecture-discussions and hands-on 
activities. each of the lessons has clearly stated 
behavioral objectives to tell the trainee what he 
should know or do af^er completing that topic, 
areas covered in this manual include: introduction 
to sewage treatment, bacteriology, .primary 
treatment, activated sludge process, sampling, and 
record keeping, safety,' and selected tests. a 
glossary of terms in included for reference. (cs) 
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_ UNIVERSITY OF ALASKA, COLLEGE, P 252-262, 6 FIG, 
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ABSTRACT _ LABORATORY DATA SHOW that tuc ^ wr, 
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*ATP,* *PI^OCESS CONTROL, *ADENOSINE TRIPHOSPHATE 
♦ACTIVATED SLUDGE, *ANALYTICAL TECHNIQUES, *WATER 
QUALITY, *CONTROL, ' MONITORING, ^ SUSPENDED SOLJDS, 
*BIOMASS,' SEPARATION TECHNIQUES^ LABORATORY TESTS, 
PILOT PLANTS, ON-SITE INVESTIGATIONS, *WAST£ WATER 
TREATMENT 

RESEARCH WAS CONDUCTED TO DETOWINE . THE 
FEASIBILITY OF USING ADENOSINE TRIPHOSPHATE (ATP) 

'■AS' A MEASURE OF VIABLE BIOMASS . IN' ^.-ACJIVATED 
SLUDGE. METHODS WERE DEVELOPED FOR THE EXTRACTION 
OF ATP FROM SLUDGE AND MIXED LIQUOR, AND. FOR THE 
DETERMINATION .OF ATP ' USING THE rIRE*FLY 
BIOLUMINESCENT PROCEDURE. MEASUREMENTS OF ATP WERE 
CONDUCTED ON VARIOUS PURE CULTURES, PILOT PLANT 
'and FULL-SCALE ACTIVATED SLUDGE TREATMENT PLANTS. 
ADDITIONAL PARAMETERS INCLUDING BOD, TQC, OXYGEN, 
UPTAKE RATE, AND SUSPENDED SOLIDS WERE- MEASURfeED 
to PROVIDE COMPARATIVE AND SUPPORTIVE I^FFORMATION. 

'PRELIMINARY TESTS IN WHICH ATP MEASUREMENTS OF 
BIOMASS WERE USED TO CONTROL THE PERCENT' SLUDGE 
RETURN. WERE CONDUCTED AT TWO FULL-SCALE MUNICIPAL 
SEWAGE TREATMENT PLANTS. LOWERED RETURN ■ SLUDGE 
RATES WERE FOUND TO PRODUCE- EFFECTIVE TREATMENT 
ANl) INCREASE THE BIOLOGICAL ACTIVITY ; OF THE 
SLUDGE.' CHANGES IN THE RATE OF- RETURJil SLUDGE 
RESULTED IN CHANGES IN ATP, CONCENTRATION ' OF MIXED 

..LIQUOR WHICH PRECEDED CHANGES IN SUSPENMID SOLIDS 
BY AS MUCH AS 24 HOURS. THE ASSAY WAS FQUND TO BE 
REPRODUCIBLE AND RAPlD, RESULTS CAN BE OBTAINED 
WITHIN APPROXIMATELY TEN MINUTES. ( LOWRY-TEXAS ) 
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VOL 10'4, NO EE3J.' PROCEEDINGS OF THE AMERICAN 
SOCIETY OF CIVIL ENGINEERS, P S03-514, JUNE 1978. 
3 FIG, 4 TAB, 15 REF. -J 
♦ACTIVATED SLUDGE , *BATCH REAQTpRS , *SEQUENCING, 
'.*SEWAGE TREATMENT^ *COMPUTER^ MODELS, -^^IMULATION 
^"analysis,. WASTE . WATER ' (POLLUTION )Jk:MASS BALANCE 
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..THE -PE^ORMANCE- OF -MANY PROCESSES AND OPERATIONS 
CAN BE IMPROVED APPRECIABLY .BY THE CONTROLLED 
UNSTEADY OPERATIONS' '.THAT ARE / PROVIDED By' 
. SEQUENCING BATCH (FILL AND DRAW) BIOLOGICAL 
REACTORS, THE LACK- OF DESIGN AND OPERATION 
EXPERIENCE IN BATCH TREATMENT HAS RESULTED IN. AN 
EXPERIENCE VOID IHAT HAS FOSTERED THE SELECTION OF 
CONTINUOUS FLOW RATHER THAN BATCH TREAIMENT 
SCHEMES, SYSTEM SELECTION SHOULD DEPEND INSTEAD 
UPON SUITABILITY OF THE SYSTEM, RELIABILITY, 
EFFICIENCY, CONSISTENCY, AND ECONOMIC BENCH, 
PILOT, AND FULL-SCALE INVESTIGATIONS, AND DESK TOP 
AMI) COMPUTER ANALYSES MUST ^ SUPPLEMENT EXISTING 
BEN.CH SCALE STUDIES IF THE EXPERIENCE VOID IS TO 
BE FILLED. SEVERAL HYPOTHETICAL EXAMPLES ARE USED 
TO' -PARTIALLY /ILL THE VOID BY COMPARING VOLUMES 
FOR BOTH THE BATCH AiiD CONTINUOUS FLOW SYSTEMS. IN 
THE EXAMPLES, SEQUENCING BATCH TREATMENT PROVIDES 
THE POTENTIAL . FOR ACHIEVING'. EFFLUENT LIMITATIONS 
liN A ^TOTAL volume ^NOTABLY . LESS ' THAn'. THAT FOR A 
CONVENTIONAL CONTINUOUS FLOW SYSTEM; . THIS ADDS TO 
PREVIOUSLY RECOGNIZED ADVANTAGES THAT- INCLUDE 
'HOLDING A WASTE . UNTIL A PROPER TREATMENT* IS 
ACHIEVED. THE ' COMPUTER • SIMULATIONS HEREIN HAVE 
. SHOWN HOW THE DESIGN .VOLUME FO^ A SEQUENCING BATCH' ' 
SY.STEM DIFFERED AS A • FUNCTION OF THE; RELATIVE ' 
VARIABILITY OF THE MASS FLOW RATE EVEN THOUGH THE 
AVERAGE MASS FLOW RATE WAS "*THE SAME FOR ALL CASES 
INVESTIGATED. (GRAF-CORNELL) 

CONTACT STABILIZATION IN SMALL PACKAGE^ PLANTS 
DAGUE,,R. R.; ELBERT,, G.'F.; ROCKWELL, M.~ D. 
IOWA UNIV., IOWA CITY. 

JOURNAL WATER POLLUTION CONTROL FEDERATION,- • 
VOL 44, NO 2, FEBRUARY 1972, P 255-264, 11 FIG 
3 TAB, 6 REF. - . * 

*CONTACT STABILIZATION, ^PACKAGE PLANTS ' ' 
*ACTIVATED SLUDGE, ' *DESIGN CRITERIA, *ON-SITE 
INVESTIGATIONS, AERATION.,. RESPIRATION, ABSORPTION, 
ADSORPTION, MIXING, BIODEGRADATION, ORGANIC 
LOADING, BIOCHEMICAL . OXYGEN DEMAND, SUSPENDED 
SO L I DS , WASTE WATER -TREATMENT 

I'MVESTIGATION* WITH CONTACT STABILIZATION PACKAGE 
TREATMENT. PLANTS AS CURRENTLY DESIGNED HAS 
DEMONSTRATED THAT SUCH FACILITIES ARE UNSTABLE ■ 
UNDER CONDITIONS OTHER THAN 24 HOUR OPERATION^' TWO 
CONTACT STABILIZATION PLANTS CURRENTLY- HAVING . 
OPERATIONAL DIFFICULTIES WERE MODIFIED, ONE TO THE " 
CONVENTIONAL ACTIVATED SLUDGE PROCESS %NT) 'THE 
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OTHER TO COMPLETE- MIX OPERATION. THE ^)IFFICULTlES 
ENCOUNTERED BY THE CONTACT STABILIZATION STEMMED 
MAINLY FROM FLOW VARIATIONS, AND IHe" FACT • THAT 
MOST PLANTS ARE DESIGNED FOR, A 3-HOUR CONTACT TIME 
■RATHER THAN THE '15 TO 30 MIN. CONTACT TIME 
^ ORIGINALLY' DEVELOPED. THE .WIDE- VARIABILITY OF THE 
■ : . MUNICIPAL ' WASTE - .FLOW ^ FOR THE' FIRST SYSTEM 

. EVALUATED CAUSED THE WASTES IN THE CONTACT ZONE TO 
HAVE A : RETENTION TIME VARYING FROM 2 TO 8 HOURS. . " 
EACH OF THE OTHER- .PLANT OPERATIONS: WAS SIMILARLY ' 
AFFECTED. THE TROUBLE "WH I CH AROSE . THEN, . WAS^'MAINLY . 
^IN SEPARATING THE ' SOLIDS FROM THE-: EFFLUENT, WHICH. 
.. BECAME NEARLy IMPOSSIBLE. AFTER" MODIFICATION', THE 
TWO PLANTS FUNCTIONED . EXTREMELY WELL, PRODUCING 
EFFLUENTS OF 13 MG/L OR LESS .OF BOD AND.. 12. MG/L OR 
LESS OF SUSPENDED -SOLiDS. (LOWRY-TEXAS) 

•TITLE THE DESIGN, CONSTRUCTION, AND OPERATION Of' 

^EXTENDED-AERATION PLANTS. 
AUTHOR, ' / STORCHy B.: 

CORP-AUTH • PETERS-, G. ,D. '(ENGINEERING) LTD. ' 

■water , POLLUTION CONTROL, VOL 68, NO 1, P 40-50, 
JA^-FE:B 1969./4'rEF. ' 

*EXTENDED.- AERATION, AEROBIC DIGESTION * 
*ACTIVAT5D .SLUDGE,: "*OPERATION AND MAINTENANCE, 
*DESJGN,-. *CONSTRUCTION, AERATION, WASTE WATER 
TREATMENT, AEROBIC CONDITIONS 

'THE .^.DESIGN OF AN EXTENDED AERATION 'PLANT IS 
DISCUSSED INCLUDING: ^ INLET, AERATION tANK, 
AERATION TO SE'TTLING TRANSFER,' INLET TO SETTLING 
TANKS, SETTLING TANK, ' SLUDGE RETURN, SURFACE 
SKIMMING, EFFLUENT WITHDRAWAL, AND EXCESS SLUDGE 
HANDLING. EXCESS . SLUDGE HANDLING IS TREATED AT 
LENGTH INCLUDING' AEROBIC DIGESTION.* PHYSICAL 
DESCRIPTIONS -AND RECOMMENDED DIMENSIONS" FOR 
VARIOUS ■ COMPONENTS AND- EQUATIONS FOR SEVERAL 
CALCULATIONS ARE GIVEN. RECOMMENDATIONS * ARE MADE 
FOR MATERIALS TO BE USED, POSITIONING OF EQUIPMENT 
AND OTHER FACETS OF CONSTRUCTION. PLANT START-UP 
IS DESCRIBED A CHECKLIST FOR OPERATION ..AND 

MAINTENANCE IS' GIVEN. (DIFILIPPO-TEXAS) ' 
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TITLE. . DESIGN PROCEDURES FOR DISSOLVED OXYGEN CONTROL-OF' 

ACTIVATED SLUDGE PROCESSES 
'author . FLANAGAN, M. ' J. ; BRACKEN, B. D. 
CORP AUTH BROWN AND CALDWELL, WALNUT CREEK, CA 
PUB DESC AVAILABLE FROM ' THE.- NATIONAL TECHNICAL INFORMATION 

SERVICE, SPRINGFIELD,- VA^ 22161 AS PB-270 960, IN ! 
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TAB. 47 REF, 1 APPEND. 68-2130 ' ' 

*DISSOLVED - OXYGEN. .. *ACTIVATED SLUDGE *SL[mrV 
^ TREATMENT. *A£RATION. *AUTOMATIO^^ *SorT ^•ALYSIS 
ECONOMICS. COSTS. OPERATING COSTS CAPIT^ COS^.' 
MAINTENANCE COSTS. MANUAL GONTRoT furSSIfr 

SSioNs'°-''T^sS ^Q""«hkt°''pereTS 

™L WA.TF MAINTENANCE. APPLICATION 

■ sSge ' 'SLS "'"^S'- '''''''''''' 

. INSTRUMENTATION ^aLtION^YquipmeNt'^'S^^ 
sludge , treatment plants. *C0ST EFFEC™vpJf 

^'o™' WUAL "^DISSOLvlS^S- 

CO°NT™L'EQuSr/.^ . ^°^'-^°'> 

DESIGN PROCEDURES AND GUIDELINES FOR THE SELECTION 

■Snt'S1;'"svstT'^T' oUen™ 

.,- U).\TROL SYSTEMS FOR ACTIVATED SLUDGE TRFATmpvt 
riSrl ^^ESENTED-. PROCESS CONFiSLtT^s^J 

SouSe.;^"'"! ^ ^'^^'^ ™ ESTABLISH S,S?L 
REQUIREMENTS. AERATION METHODS EOUIPMFMT 1^ 

APPLICATION TECHNIQUES. msich SY^TPy^' ' 

COmOL SYSTEM SELECTION PROCEdSLs IS S^j^T ' 

. RECOMMENDATIONS FOR SYSTEM APPLIcSo^f TO^IoSs ' 

AERATION EQUIPMENT TYPES AND P^SsS 

SuS?? .^n^ '^'''^^CE' °ATA .FOR AERATION 

s^r^L^^^.^j-SES^ri/^ ^SE^:r 

hy^SSi^cal" "7Sva?e7?^ SS^^^ 

CONFIGURATIONS. A^'" SntED ' 'to'^DEVELOp' ''S 
ECONOMIC;aNALYSIS. MANUAL AND AUTOMATIC i^CONTRof 

c s"'S'' au™'/. capita7Sd°°opeL™g ■ 

. ^Ublb OF AUTOMATIC DO CONTROL SYqTFM<; adc 

f"?G"S° nSlt^'r''' >LMTS'S?GER IhS ■ 

IpSie^ tS fr^no''''^ EQUIPMENT IS-SELECTED AND 
APPLIED IN ACCORDANCE . WITH GUIDELINES OF top ■ 
DESIGN MANUAL AND A POWER COST IS APPLIcLl^ WhS- 

POWE^RiTE'" J'.ff"^^^ ™^ ™^ NATIo'SfIvS 
FOWER RATE. AREAS" IN WHICH FURTHER RF^FAPr^r tc 
INDICATED ARE DISCUSSED/ (SEIP-JPA) RESEARCH IS 
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DESC:- •• *AUDIOVISUAL AIDS., *CHEMICAL ANALYSIS, *CHEMISTRY, 
*INSTRUQTIONAL MATERIALS, *LABORATORY PROCEDURES, 
. '\ POLLUTION, *POST- SECONDARY EDUCATION, SCIENCE 

EDUCATION, WATER POLLUTION CONTROL, *OXYGEN, 
• WASTEWATER TREATMENT, DISSOLVED OXYGEN, J^CTT^^ED 
. . ■ SLUDGE .. ^S- 

, DELSC-NOTE INCLUDED IS A 34 MINUTI "lAPE, 72 SLIDES, AND A 
SCRIPT, available' ON LOAi\ FROM NTOTC, ,26 W ST. 
CLAIR, CINCINNATI, OHIO 45268 " ■ . • ~ 

ABSTRACT THIS MODULE IS DESIGNED FOR ADVANCED WASTEWATER; 
-': S TREATMENT PLANT OPERATORS OR PLANT CONTROL 

. \' ■ SUPERVISORS. RAPID AND VALID TECHNIQUES ARE 
DESCRIBED FOR CONTROL OF; THE ACTIVATED: SLuDGE' 
'■ .'..^TREATMENT PROCESS USING ELECTRONIC MEASUREMJINT OF 
DO ' and DO CHANGES. ■ ■SAMPLE DATA WARE DISCUSSED FOR. 
-. INTERBRETATION OF SLUDGE CONDITION'' IN RESPONSE TO 

STABILIZATION, FEED, LOAD RATIO OR CONDITIONS. 
INFORMATION OBTAINABLE WITHIN 20 MINUTES' PROVIDES 
SUGGESTED CORRECTIVE ACTION IN TIME TO UPGRADE 
EFFLUENT QUALITY. (AUTHOR/ JK) 
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DYNAMIC MODELING AND . CONTROL STRATEGIES FOR IHE 
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^FLOW RATE, AND ^-AERATION RATE. IN A MULTISTAGE- 
REACTOR SYSTEM SnOi AS THE STEP-FEED PROCESS, 

' VARIATIONS IN WASTEWATER FEED PATTERNS ARE (ANOTHER 
CONTROL . TECHNIQUE. A WIDE -SPECTRUM ACTIVATED 
SLUDGE PROCESS MODEL WAS DEVELOPED THAT CONSIDERS- 
THE STORAGE. CAPABILITY OF "^E SLUDGE, INCORPORATES 

' THE ACTIVE AND INERT FRACTIONS OF THE MIXED LIQUOR ' 
VOLATILE SUSPENDED SOLIDS IN SEPARATE:;^ "MASS 
BALANCES,. ANT> IS COUPLED WITH " A. DYNAMIC HQpSL OF 
THE Ffm . CLARIFIER. CONTROL ' STRATEQ^ES 
INVESTIGATED INCLUDE VARIOUS SLUDGE WASTING AND' 
RECYCLE CONTROL TECHNIQUES AND HYDRAULIC METHODS. 
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TESTS, MEASUREMENTS,- AND REPORT PREPARATION 
REQUIRED FOR COMPLIANCE WITH THEIR NPDES . PERMITS. 
THIS STAFF GUIDE PROVIDES STEP-BY-STEP GUIDELINES 
ON COURSE PLANNING, DEVELOPMENT 'AND IMPLEMENTATION 
INVOLVING CLASSROOM INSTRUCTION AND LABORATORY 
APPLICATION OF CRITICAL LEARNING OUTCOMES. PART I 
IS CONCERNED Wl'lH THE' ADMINISTRATIVE ASPECTS OF 
THE TRAINING PROGRAM, PART II CONSISTS OF 
INSTRUCTIONAL STAFF GUIDELINES ON TECHNICAL 
CONTENT, LEARNING OBJECTIVES, AND . LESSON-BY-LESSON ' 
GUIDES FOR THE SELF-MONITORING PROCEDURES 
CONTAINED IN* THIS COURSE. . INCLUDED IN THIS 
DOCUMENT ARE MATERIALS RELATED TO DETERMINING 
DISSOLVED OXYGEN, PH, FECAL COLIFORM, WATER -FLOW, • 
SUSPENDED SOLIDS, AND CHLORINE.' (CS) 

EFFLUENT MONITORING PROCEDURES: NUTRIENTS. STAFF 
GUIDE. . 
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THIS IS ONE OF SEVERAL SHORT-TERM COURSES 
DEVELOPED TO ASSIST IN THE TRAINING C? WASTE WATER 
TREATMENT PLANT OPERATIONAL- PERSONNEL IN THE TESTS 
MEASUREMENTS, AND REPORT PREPARATION REQUIRED FOR 
COMPLIANCE WITH THEIR NPDES PERMITS. • THIS STAFF 
GUIDE PROVIDES STEP-BY-STEP GUIDELINES ON COURSE 
PLANNING, DEVELOPMENT AND IMPLEMENTATION INVOL"LNG 
CLASSROOM INSTRUCTION AND LABORATORY APPLICATION 
OF CRITICAL LEARNING OUTCXJmES. PART I IS CONCE?wNED 
WITH THE ADMINISTRATIVE ASPECTS OF THE TRAINING 
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i-kucess by mean cell residence time 

BURCHETT, M.E.;,TCH0BAN^GL0US. G. 
YODER-TROTTER-ORLOB AND ASSOCIATES. WALNUT' CREEK, 

JOURNAL WATER POLLUTION CONTROL ^DERATION 
VOL 46. NO 5. P 973-979. MAY 1974 7 FIG 6 rpp 
*MEAN CELL RESIDENCE TiAe ' 

^ s*™f ^ *treatment facilities. *C0NTR0L 

SS \T^^Si™ sSe^%S^/-^ aS 

(MCRT) IS RECOMMENDED AS -THE MOST qtitta^t^ 
FOR Smo?, ™?^^^^^'"' PKACTIM. REASONS 

Self Sab^S^Iroc^^^ oSS/Ts?". 
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E-N-VIREX INC.. WAUKESHA. WIS. ' " ' 

WATER AND WASTES ENGINEERING. VOL 12. NO 10. 
P 53-55. 82. OCTOBER. 1975. 4 FIG. " - 

SS"'^'- "YDRAULIC REMOVAL MECHANISMS. SLUDGE 

*WASTE ; WATER TREATMENT. *ACTIVATED 91 iTnrp 
HYDRAULIC MAOilNERY. HYDRAULICst'sLuJcE DESIgT ' ' 
I^LJ^ ^- CLARIFIER - PERFORMS ONE OF " THE MOST ' 

prTJesT ' 't'l'r ™^ activate^'^slS ■ 

rKUttbb. THE HYDRAULIC REMOVAL MFrWAMTQM 
SOMETt.MES CALLED A VACUUM 'OR SUCTION nS^S^ 

Al'J'gTi^Ttt^^^^^ '''''''''' MEc'^SlSM^'S 
DEALING WITH A LIGHT FLOCCULANT SLUDGE. A BRIEF ' 
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REVIEW' IS PRESENTED OF THE MAIN..pQaiREMENTS FOR A 
- . HYDRAOLIC REMOVAL MECHANISM WHICS*" ARE RAPID SLUDGE- 
REMOVAL, -MINIMUM SLUDGE AGITATION,. MAXIJIUM • SOLIDS 
CONCENTRATION i F-LEXIBILlTY,. AND BALANCED 'HYDRAULIC 
DESIGN. ON^ OF THE TWO MAIN TYPES OF CIRCULAR , 
HYDRAULIC REMOVAL MECHANISMS IS A RECTANGULAR 
...... TAPERED HEADER MADE OF 0.25 INCH STEEL PLATE, WITH 

- ORIFICES DRILLED INTO THE HEADER FOR THE REMOVAL' 
OF SLUDGE (TH^: H£A]^R DESIGN). THE OTHER .DEVICE 
• . INCORPORATES SEVERAL WITHDRAWAL PIPES* WITH THE 

SLUDGE CHANNELED BY DEFLECTOR •iJ'LATES TO THESE. 
PIPES AND. TRANSPORTED TO COLLECTION WELLS (RISER 
PIPE DESIGN). THE "HYDRAULIC DESIGN OF EACH OF 
THESE DEVICES. IS EXPLAINED. CHOICE OF. HYDRAULIC 
SLUDGE REMOVAL. ME'CHANISM SHOULD . BE BASED ON 
PERPORMANCE, HOW THE DEVT6E - AFFECTS THE MAIN 
PROCESS "requirements,- AND AN ECONOMIC EVALUATIOJf 
OF. CAPITAL AND OfERATIONAI^MAINTENANCE; 

EXPENDITU-RES. (ORR-FIRL)- ^ " , 

TITLE GUIDE TO WASTEWATER TREATMENT: BIOLOGICAL-SY^EM 

' 'DEVELOPMENTS. /' :■ 
AUTHOR FORD, D. L*. ; tlSCHl£R, L. F. . - - 

CORP AUTH ENGINEERING-SCIENCE, INC., AJJSTl'^;. TX# ' ^ 
AVAIL CHEMICAL. ENGTNEERING, VQL 84,' NO" 17, 'P 131-135,* 

AUGUST, 1977. -2-FIG. 13.REF. • 
KEYWORDS *BIOLOGICAL ■ TREATMENT, *INDUSTRIAL - WASTE,S,\ 
. . ■ ■•. *ACTIVATED ' SLUDGE, . : •*TRICKLING FILTERS, 
*BIODEGRADATION^ EQUALIZING RESERVOIRS,' ORGANIC' 
LOADING, .DILUTION, SOLVENT EXTRACTIONS,' SUSPENDED 
SOLIDS, "-.DESIGN CRITERIA, NITRIFICATION, 
FILTRATION y *WASTE WATER TREATMENT 
ABSTRACT ' HIGH-RATE 'BIOLOGICAL TREATMENT SYSTEMS SUCH AS 
ACTIVATED SLUDGE, TRICKLING FILTERS, AND ROTATING 
DISCS are/. RE VIEWED FOR USE IN : MUNICIPAL AND 
INDUSTRIAL WASTE WATER TREATMENT. VARIOUS ASPECTS 
OF SUSPENDED-GROWTH SYSTEMS SUCH AS THE 
■ COMPLETELY-MIXED ACTIVATED SLUDGE . PROCESS ■ ARE. 
DISCUSSED, INCLUDING CONTACT STABILIZATION, SOLIDS'. 
' REMOVAL, AND EFFLUENT POLISHING, FIXED-GROWTH 
SYSTEMS SUCH AS THE CONVENTIONAL TRICKLING FILTER, 
AND THE ROTATING BIOLOGICAL FILTER ARE DESCRIBED 
AND COMPARED WITH SUSPENDED-GROWTH SYSTEMS. FLOW 
•EQUALIZATION AND AUXILIARY BASINS IN INDUSTRIAL 
WASTE WATER TREATMENT ARE SUGGESTED ^TO OFFSET ;.■ 
^ . PROBLEMS ' ASSOCIATED WITH HYDRAULIC- AND 
ORGANIC-LOAD" VARIATIONS* TO. BIOLOGICAL SYSTEMS. 
\ ' PRETREATMENT WITH.. HYDROLYSIS IS SUGGESTED TO 
/ ENHANCE BIODEGRADABILITY. PRE-DILUTION OF INFLUENT 
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VWR^^CIEN-TIFIC. . PO BOX .3200. _ SAN FRANCISCO. 'cA " 

*AN.aIytICAL techniques'. "cHEMiCAL ANATVqtq 
*iSrT'°'^ MATERIALS -'*l^BO™ TeSJ^qSs ' 

IN. WATER^AND 

HAN-DBOOK OF ADVANCED WASTEWATER ' TREA'TMENT, 2ND 

CULP. RUSSELL L. ; AND OTHERS .' 
78 . * ■ - • 

VAN NOSXRAND/REINHOLD CO.." 300 PIKE ■'^T^i 
CINCINNATI. OH 45202 -.ST-V' 

SSfSLLlSS'Sf ' ■ /^'^^S?^^. CHLORIIJATIONr 
°!V,„^ ^^^^^ON. *DISINFECTION. *ECONOHlrq 

• * N^SJovAT 

*INSTRUCTIO.\AL ■ MATERIALS.. *LAND APPLICATTnM 
*GPERATIONS .(WASTEWATER). ^ST SeSnJSSv 

T^pf^°'' ■'^'^STEWAl^asLSGE. *w2SSr 

TREATMENT, .*WATER POLLUTION C0?ITR0L 

INCLUDED IN THIS JOOK ARE CHAPTERS ON THE PURPOSE • 
A.VD BENEFITS OF ADVANCED ■ WASTEWATCR TRE^?^ 
CHEMICAL CLARIFICATION. RECARBONATION F^SSJ' - 

SSl'v^Ior'r.n'^^^^^"^^ AND^'reGeJeK? on': .. - 
DISINFECTION. -NITROGEN ..REMOVAL. CHEMICAL -SLUDGE ' 



14 



137 



ERIC 



HANDLING, DEMINSRALIZATION', .LAND • TREATMENT OF 
WASTEWATERS,. ESTIMATING .THE COSTS OF WASTEWATER 
TREATMENT FACILITIES AND SELECTING AND COMBINING 
UNIT PROCESSES. SOME OF THE TOPICS INCLUDED ARE: 

(1) COAGULATION, FLOCCULATION , AND SEDIMENTATION; 

(2) SINGLE STAGE. VS, TWO STAGE CARBONATION; (3) 
DESI GN OF FILTER SYSTEMS ; ( A ) E VALUATI® OF 
ACTIVATED CARBON ; ,(5) .OJLORINATION ; ^(6) BIOLOGICAL 
NITROGEN REMOVAL; (7) ELECTRODIALY$IS ; AND' (8), ION 
EXCHANGE. THIS BOOK CONTAINS DESIGN EXAMPLES AND 
CASE HISTORIES OF OPERATING PLANTS. IT IS .USEFUL 
AS A REFERENCE BOOK, -OR A TEXT IN GRADUATE OR 
UNDERG|ADUATE ENVIR0N>G:NTAL ENGINEERING COURSES. 
(BB) * ' 

THE IMPACT OF OILY MATERIAL ON * ACTIVATED SLUDGE 

HYDRbSCI£NCE,,INC. , WESTWOOD, N.J. 

COPY AVAILABLE FROM GPO SUP DOC AS SN5501-0088 , 

$1.25; MICROFICHE FROM NTIS AS PB-212 422, .$0. 95. 

ENVIRONMENTAL ^PROTECTION AGENCY, ■ WATER POLLUTION 

CONTROL RESEARCH SERIES, MARCH 1971, 110 P, 

29 FIG, 10 TAB, 38 REF. ■ EPA PROGRAM 12050 DSH" 

03/71. 

*SP£NT CRANKCASE OIL, *VEGETABLE OIL, ■*CRUDE OIL, 
REFINERY WASTE OIL,. LOAD TOLERANCE. 
*OIL WASTES, *ACTIVATED SLUDGE, *SEWAGE TREATMENT, 
*WASTE WATER DISPOSAL,' BIOLOGICAL- TREATMENT, OIL, 
■ BIODEGRADATION, ABSORPTKIN, SLUDGE TREATMENT 
THE PREFORMANCE OF SMALL . SCALE CONTINUOUS 
ACTIVATED .SLUDGE SYSTEMS WAS. -OBS-ERVED AFTER BEING 
EXPOSED TO A. VARElTy OF OILY? ^COMPOUNDS SUCH AS^,. 
CRANKCASE OIL, CRUDE OIL AND VEGETABLE OIL, AT' 
SEVERAL • LOADING LEVELS. BATCH STUDIES WERE^ 
CONDUCTED TO DETERMINE BIODEGRADABILITY AND THE 
EFFECT OF EMULSIFICATION AND TEMPERATURE ON THE 
RAT.E OF BIOLOGICAL REXcTION. iOILS ARE ABSORBED ON 
THE . FLOC AND SLOWLY DEGRADE WHEN THEY ARE 
■INTRODUCED INTO AN ACTIVATED SLUDGE SYSTEM. THE 
OIL ACCUMULATES ON THE SLUDGE CAUSING A LOSS OF 
DENSITY AND ACCEPTABLE SETTLING CHARACTERISTICS IF 
THE , LOADINQ RATE IS HIGHER ' THAN THE DEGRADATION 
WASTAGE.. THE ABILITY OF THE: MICROBIAL- .^fSTEM .' TO 
■remove OTHER SUBSTRATES IS NOT INHIBITED\lTHOUGH " 
THE.. BIOLOGICAL SYSTEM FAILS DUE TO THE LS^S' OF 
SLUDGE, 0.10. POUNDS -PER DAY PER POUND OF SLUDGE - 
UNDER -ifeRATlbN SHOULD BE THE ' MAXIMUM CONTINUOUS 
FEED LEVEL- OF OILS TO ACTIVATED SLUDGE. SHOCK 
LOADS SHOULD NOT EXCEED 5% OF THE WEIGHT OF THE> 
'SLUDGE UNDER ^RATION. (SMITH-TEXAS) ^ 
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ABSTRACT THIS DOCUMENT IS AN INSTRUCTIONAL MODULE PACKAGE 
PREPARED IN OBJECTIVE FORM ' FOR USE BY AN 
* instructor' FAMILIAR WITH OPERATION OF ACTIVATED 
■ SLUDGE WASTEWATER TREATMENT i>LANTS. INCLUDED ARE 
OBJECTIVES,, INSTRUCTOR GUIDES, STUDENT HANDOUTS 
AND TRANSPARENCY MASTERS. THIS IS THE SECOND 
LEVEL OF A THEIEE . *MODULE SERIES AND CONSIDERS 
AERATION DEVICES, PROCESS CONTROL PROCEDURES, 
MICROORGANISMS AND DATA TRE^D CHART PLOTTING. 
(AUTHOR/RH) V 
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INTRODUCTION TO WASTEWATER TREATMENT PROCESSES. • , 

RAMALHO, R. S. 

77 

ACADEMIC PRESS, 111 FIFTH AVE., NEW YORK, NY 10003 
BIOLOGY , CHEMISTRY , *ENGINEERING , *ENVIRONMENTAL 
INFLUENCES, EQUIPMENT, FACILITIES , *INSTRUCTIONAL 
MATERIALS, LAND USE, *POLLUTION, POST SECONDARY 
EDUCATION, PROBLEM SOLVING, *WASTE DISPOSAL, WATER 
QUALITY , *WATER POLLUTION CONTROL , *OPERATIONS 
(WASTEWATER ) , *WASTEWATER TREATMENT , *FACILITIES 
409P. . \. 

FUNDAMENTAL PROCESSES OF 
THE TEXT IS DESIGNED TO 
EVALUATION' OF WASTEWATER 
THAT PROPER PROCESSES AND 
EQUIPMENT MAY BE SELECTED. FOR EACH PROCESS THE 
TEXT PROVIDES: (1) A. SUMMARY OF THEORY, INVOLVED 
IN' , THAT PROCESS, (2) .DEFINITION OF IMPORTANT , 
DESIGN PARAMETERS INVOLVED IN THE PROCESS, AND (3) 
DEVELOPMENT- OF A SYSTEMATIC DESIGN, PROCEDURE -.FOR 
THE TREATMENT '.PLANT.' EVERY STEP OF THIS 'SEQUENCE 
IS ILLUSTRATED WITH NUMERICAL EXAMPLES. (CS) 



THIS BOOK INTRODUCES 
WASTEWATER TREATMENT. 
, TRAIN THE READER IN 
TREATMENT 'PROBLEMS SO 




ORATORY CONTROL FOR WASTEWATER ' FACILITIES,, 
fl WASTEWATER TECHNOLOGY: A TWO-YEAR POST HIGH. SCHOOL 
■^INSTRUCTIONAL PROGRAM. VOLUME III,;. PARTS A, B,. C, 
D, E, F, G. 

WAGNER, DAViD; AND OTHERS 

JUL 76" . ^ * . ■ 

BEHAVIORAL OBJECTIVES, CURR^ICULUM, . ENVIRONMENT, 
♦environmental" TiETCHNICIANS, *iNSTRUCTIONAL 
MATERIALS, - LABORATOR,Y,L PROCEDURES , *LABORATORY 
TECHNIQUES, *POLLUTION, POST SECONDARY. EDUCATION,. 
*WATER POLLUTION CONTROL, *WASTEWATER TREATMENT 
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THI? VOLUME IS ONE IN A 'SERIES ' 'WHICH OUTLINES 
PERFORMANCE OBJECTIVES AND INSTRUCTIONAL MODULES 
FOR A COURSE OF STUCY WHICH / EXPLAINS THE 
RELATIONSHIP AND FUNCTION' OF THE PROCESS UNITS IN 
A WASTEWATER . TREATMENT PEANT. EXAMPLES OF MODULES 
INCLUDE MEASURING SETTLEABLE MATTER, TOTAL SOLIDS 
cnfTnc"^ SUSPENDED SOLIDS. AND VOLATIL^ 

SOLIDS. .THE MODULES - ARE ARRANGED IN AN ORDER- 
APPROPRIATE FOR TEACHING STUDENTS ■ WIIH NO 
!^!r^'f''- ™^ ^SO BE REARRANGED, and; 

ADAPTED FOR COURSES TO UPGRADE PERSONNEL koVING 
INTO SUPERVISORY POSITIONS OR DESIGNED AS A 
MINICOURSE. EACH MODULE CONTAINS A STATEMENT OF 
.PURPOSE, OBJECTIVES, . . CONDITIONS, ACCEPTABLE 
PERFORMANCE, INSTRUCTPR ACTIVITY AND sSmS ' 
ACTIVITY. THE TASKS ARE ORGANIZED IN THE GENERAL ' 
C^EGORIES: NORMAL OPERATIONS, ABNORMAL 
v!t^^,°^^' P^^VENTIVE MAINTENANCE, CORRECTIVE 
MAINTENANCE, LABORATORY CONTRoL, ' SYSTEMS 
INTERACTION, AND ' MANAGEMENT/SUPERVISORY 

PROCEDURES. INCLUDED IN THIS VOLIWE ■ ARE 29 
MODULES. THE MODULES ARE DESIGNED TO TEACH THE 
STUDENT ^^LABORATORY PROCEDURES FOR ANALYZING 
VARIOUS POLLUTANTS AND VARIABLES RElS TO ' 
WASTEWATER. MOST STANDARD TESTS ARE INCLUDED. 
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S.C.; LINN-BENTON COMMUNITY COLL., ALBANY,- OREG. ' 
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MANUAL FOR ACTIVATED SLUDGE SEWAGE TREATMENT. 
GOODMAN, B. L. . ^ ^. 

71 , ■"■ ■ 

PUBLISHING CO.,' INC. ,. 265 WEST STATE 
STREE.T, WESTPORT, CT 06880 '"N 

Tv^Jn™° ENVIRONMENTAL TECHNICIANS, 

-Sfv,'^!'^ f "CATION,, *INSTRUCTIONAL- MATERIALS 
' SECONDARY EDUCATION, *SLUDGE 

./WASTE. DISPOSAL, *WASTEWATER TREATMENT "WATER 
POLLUTION CONTROL ^ . WAitK 

204P. . 

STEP BY STEP EXPLANATION OF THE PROCESS, FROM 
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TITLE , MANUAL OF INSTRUCTION FOR SEWAGE ' TREATMENT PLANT 
OPERATORS. .:. 

65 . 

HEALTH EDUCATION SERVICE, PO BOX 7283, ALBANY, NY 
12224 ($2.00)^ 

.ANALYTICAL TECHNIQUES, *INsfRUCTIONAL MATERIALS, 
JlAINTENANCE, '*MANUALS, . *OPERATtbNS, *POST 
SECONDARY EDUCATION, PRIMART TREATMENT , RECORD 
KEEPING,. *SEWAGE, SLUDGE, *WASTE DISPOSAL,' 
WASTEWATER CHARACTERISTICS, WASTEWATER SLUDGE,' 
*WASTEWATER TREATMENT . 
DESC NOTE . 243P. • 

ABSTRACT \jJ^REPARED FOR GRADE 2 OPERATORS, WRITTEN PRIMAltlLY 
A TEXT TO BE USED IN CONJUNCTION WITH ■ TRAINING 
COURSE*' HEAVILY NAMJfiflVE, AVOIDS OVERLY. TECHNICAL 
^ TREATMENT, AND ^RESENTS MAXERIAL CONCISELY, 
APPENDICES SUPPORT BACl(GROUND . MATERIAL (EG 
ARITHMETIC, CHEMISTRY, BACTERIOLOGY, ETC^. 

^ glossary; : 
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MANUAL -OF .INSTRUCTION FOR WASTE TREATMENT PLANT 
OPERATORS. ' 

HEALTH EDUCATION SERVICE, PO BOXT 7126, ' ALBANY, 'NY 
12224 ($2.00) - ^-V - 

*CHEMICAL 'ANALYSIS, *ENVIRONMENT, .-*INSTRUCTIONAL- 
MATERIALS, NATURAL. RESOURCES, *bl^'ERATIONSr. (WATER), ' 
POST SECONDARY EDUCATION, WASTEWATER TREATMENT^ 
*WATER ANALYSIS, WATER POLLUTION' CONTROL, *WATER' 
QUALITY r 
308P. . . • ^ \ 

THIS MANUAL IS INTENDED TO BE A TEXTBOOK FOR A 
WATER TREATMENT- OPERATORS COURSE. IT .CONTAINS 
CHAPTERS ON THE • PURPOSE OF 'WATER TREATMENT, WATER*; 
SOURCES AND USES, HYDRAULICS AND ELECTRICITY, 
WATER CHEMISTRY, .MICROBIOLOGY, WATER QUALITY, 
CHEMICAL COAGULATION, SEDIMENTATION, FILTRATION, 
CHCORINATION, SOFTENING, AERATION, IRON AND . 
MAGNESIUM, TASTE AND ODOR .CONTROL, CORROSION, 
FLUORIDATION, PROTECTION OF TREATED WATER, RECORDS ' 
AND REPORTING, -TREATMENT PLANT MAINTENANCE AND 
ACCIDENT PREVENTION, MATHEMATICS, AJiD 'LABORATOi^Y 
EXAMINATION loF WATER. " THE MANUAL SHOULD^ 'BE' 
UNDERSTANDABLE TO THE AVERAGE PLANT OPERATOR-WJTH 
A HIGH SCHOOL EQUIVALENT. BACKGROUND. EXTREMELY 
TECHNICAL MATERIAL HAS 'BEEN AVOIDED. (BE) 
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A MANUAL OF SIMPLIFIED LABORATORY METHODS * FOR 
OPERATORS .OF WASTEWATER TREATMENT-FACILITIES. 
WESTERHOLD, ARNOLD F. , EB^; BENNETT, ERNEST C.., ED 
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SSni™.''^t^^?^^^^- Education. *environmental 
• - *poLTUTTnv *laboratory techniques, 

■ ■ ■ ' • .hS^t? L-rrf°" .SECONDARY EDUCATION. pJbLIC 

■ ■ ISim POLLUTION CONTROL, *wlsTEWATER 
, ERIC NO. ED149972 ' ' 

■ EDRS PRICE g^SPRICJ^^ , 0.83 •HC-,4.6.7H.US- POSTAGE. ' 

■ INTROnurrTn?> ^"^2 (GENERAL 

• • .SSf seS^° 8 ^"mISSI^:;.. ~r 

■ISSUE : °^Sr ""'^ -p? AviTi:.B.i."^""^ 

ABSTRACT THIS MANUAL IS DESIGNED TO PROVIDE IHe' SMATT ' 
WASTEWA^R TREATMENT . PLANT OPeStor AS Ltt 

■ °' INEXPERIENCED OPeS^.'^WIIhIiSfIED 

STER^IT^Is^i^^" ^^^^^^ °^ .Sr"Sd 
■■SorT^pfle^'.^'l^'^^ THIS -MANUAL IS 

r^J;; ^'^P^CEMENT FOR STANDARD METHODS BUT A niTDF 

SlSeI" ™' Ar?n.n''"^"'^^^^ •-gQUIPM^T S PeS 
• ■ TSz McTin^^^''^ ™ '^'^ARD METHODS. .EAffl - 

UsZf Sp ' ^ ^ COMPLETE WITHIN:.-. 

iSe- ?CTD.^«?nr«f° MEASUREMENTS PRESENTED* 
ii'^ULUDE. ACIDS, BIOCHEMICAL OXYGEN DEMAND ('Rnn^■ - 

soLiT'^cS)™' STsuspeSded 

;S;""''°':smSHLr''' AGENCY,. ,;' 

ISr' °^ ACTIVAtED-SLUDCE-.CO.NTROL. 

CORP.AUTH BROWN AND CALDWELL. SAN FRANCISCO ^CALIF' ' ' ■ 

1 TAB* ' 

•^'^■•SnSoJ'° COMPUTATIONV^PROCESS ■ 

KEYWORDS 3~g--^^^^^ 

ABSTRACT FOR THE-, USE OF THE MeIn CeIl RESIDENCE"'' 0^' THE • ' 
^^^"f^^ ™ IHE™0L^^^^^S • 

rSr^l ^^^^ SYSTEM, ONE MUST SELECT TOP ' 

tPl?srS^.^n'°.^'''^ ™^ SOLIDS pSsent m -.. 

S J ^ DETERMINE IHE TOTAL^.VOLATILE. SOLIDS ' 

■ Te ™^ S°^^°S IN ™E SYSTEM 

BE EXPRESSED .AS THE SUM OF. THOSE IN IHE AERATION 
FACILITIES-. SECONDARY SEDIMENTATION UNhI Se' ' 

SLUDGE . RETURN SYSTEM. SOLIDS ARE WASTED BoTo^R, 
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THE EFFLUENT WEIR AND THROUGH THE SOLIDS DISPOSAL 
SYSTEM. NUMERICAL EXAMPLES SHOW THESE COMPUTATIONS. 
FOR CONVENTIONAL, STEP * FEED, HIGH ' RATE AND' 
MULTIPLE STfiP OPERATIONS': OF AN 'HYPOTHETICAL PLANT* 
. ••.'.ASSUMED PLANT DESIGN IS . FOR AN 18 MGD. FLOW. THE 
■ PLANT LAYOUT ' INCLUDES FOUR . AERATION rTANKSy . MIXED 
LIQirOR CHANNEL AND i^tURN ACTIVATED SLIIdGE 
CHANNEL, AND FOUR* SECONDAR^-'SEDIMENTATION BASINS.- -. 
(HANCUFF-TEXAS)^ 

ITLE MAXIMIZING PHOSPHORUS REMOVAL IN ACTIVATED SLUDGE. 

AUTHOR ELLIOTT, W. R.;' RIDING, J. T. ; SHERRARD, J. H. 

CORP AUTH . VIRGINIA POLYTECHNIC INST. AND STATE UNIV. , 

1 ^ BLACKSBURG. DEPT. OF CIVIL ENGINEERING. . 

PUB DESC WATER AND SEWAGE WORKS, V0i:^''l25, NO j 3, P 88-92, 

MARCH^ ^978. 38REF. ^ J 
KEYWORDS *PHOSTIiORUS, , *BIOLOGICAL TREATMENT, *ACTIVATED" 
. SLUDGE,' *CHEMICAL PERCIPITATlONi NUTRIENT REMOVAL,. 
ABSORPTION, BIODEGRADATION,.- CALCIUM- -CARBONATE, 
LIME, PILOT PLANTS, LABpRATORY ■ TESTS, ' HARDNESS 
(WATER), PHOSPHATES, LIMITING- FACTORS, 

. PUBLICATIONS, WASTE' WATER 'TREATMENT, .MUNICIPAL" 
WASTES. 

ABSTRACT IMPROVING PHOSPHORUS' REMOVAL IN_ ACTIVATED SLUDGE. 

BY, MICROBIAL GROWTH,' - EifCESS; UPTAKE, AND. CHEMICAL 
PRECIPITATION WAS DISCUSSED IN .A" REVIEW OF 
PUBLISHED EXPERIMENTAL DATA .AND ON-SITE 'TESTS IN 
WASTE WATER TREATMENT PLANTS^ LABORATORY DATA ON 
MICROBIAL ■ UPTAKE IDENTIFIED THE C:P RATIO AS A 
LIMITING FACTOR IN PHOSPHORUS REMOVAl- : THE HIGHER 
COD:P RATIO PROVIDED MORE OF THE STOICHIOMETRIC 
■REQUIREMENT.- VAklATIONS IN MEAN, CELL, RESIDENCE 
-TIME AFFECTED PHOSPHORUS , REMOVAL,- '.ALTHOUGH. THE ■ 
AVERAGE . SLUDGE PHOSPHORUS CONTENT \0F. , 2-3% BY 
WEIGHT WAS NOT SIGNIFICANTLY IMPRiOVED. ENHANCED. 
PHOSPHORUS REMOVAL 'WAS"" ACHIEVED 'in- PLUG FLOW 
REACTORS WITH DISSOLVED OXYGEN CONTROL AT PH6; 
■ ANAEROBIC CONDITIONS'. WERE AVOIDED BY ADEQUATE 
';. . ; SnIlDGE REMOVAL. BATCH STUDIES ON EXCESS . UPTAKE 

" demonstrated that 80%>remoV|^. occurred for A- low 

PHO^-HATE . concentration, "^^S^JG/LITER, IN > -THE 
PRESENCE OF "A HIGH MICROBlSb^f PO.PULATION. THE 
PRESENCE OF. NA(+)AN'D.K AND THE'^RA'^: OF 'AERATION ■ 
WERE .. .CITED AS ^.LiMIT■ING FACTORS- ■ IN EXCESS 
PHOSPHORUS UPTAKE. FULL-SCALE ' ',STUi)IES .VERIFIED 
THAT PHOSPHORUS WAS RELEASED INTO ^THE e/fLUENT 
SSTREAM UNDER ANAEROBIC CONDIT^iONS. PJ^CIPITATION 
WtaH CAC03 RESULTED IN HYDROLYSIS OF PHOSPHATES A? 
THE^ HEAD OF- THE AERATION TANK, DECREASED C02 



144 



TITLE . 

AUTHOR 
CORP AUTH 
AVAIL 



I DEN 

Di:sc ^ 



ABSTRACT 
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GENERATION, ' AND ; THE .. .EORMATION ' OF ' CALCIUM 
. PHOSPHATE SLDDGE. . THE ■OETlrf CONDITIONS FOR 
PHOSPHORUS ROiOVAL IN A PLUG. ' FLOW . J SYSTEM . WERE 
CONCLUDED TO BE: PH 7.; 5-8. 5 LE'SS THAN 350 MG/LITER 
CAC03, AND 24 MG/LITER MG(++). (LISK-FIRL) 

THE METAZOA OF WASTE TREATMENT 

PROCESSES-ROTIFERS. 

CALAWAY, W. T. 

FLORIDA .UNIV., GAINESVILLE. 

JOURNAL OF WATER POLLUTION -CONTROL FEDERATION 
VOL 40, NO 11, PART 2, P R41.2-R422, NOV. 1968.' 
3 FIG, 0 TAB, 23 REF. ■ 
*META20A 

SLUDGE, *ROTIFERS, *MICROBroLOGY, 
*EFFICIENCIES, TREATMENT, WASTE TREATMENT 
TRICKLING FILTER, SEWAGE TREATMENT, i^NIMALS WASTE 
WATER TREATMENT. \ ■ . ' 

•DIFFERENT,. WASTE. WATER TREATMENT PROCESSES DEVELOP 
DIFFERENT CHARACTERISTICS FAUNA.. THE ACTIVATED 
SLUDGE PROCESS COMMONLY . SUPPORTS ROTIFERS AS ITS ' 
PRINCIPAL METAZOA, TRICKLING FILTERS SUPPORT 
POPULATIONS 9F.,, ROTIFERS, • ROUND WORMS AND 
ANNELIDS,. AND THE METAZOA OF LAGOONS VERY WIDELY 
ALTHOUGH THE METAZOA SOMETIMES CAUSE TREATMENT 
PROBLEMS THEY CONSUME LAKGE AMOUNTS OF BACTERIA 
AND SOLIDS AND THEREFORE ARE GENERALLY HELPFUL IN 

™^ 2^ ^ BIOLOGICAL MASSES 

AN5 EXPOSE NEW AREAS TO OXYGEN. THE ROTIFERS AID 
IN KEEPING AN ACTIVEET"" GROWING BACTERIAL 
POPULATION BY CONSUMING BACTERIA AND THEREBY 
ENCOURAGING. REPLACEMENT GROWTH.-'. BY - CONSUMING 
•UNFLOCCULATED BACTERIA, THE ROTIFERS CONTRIBUTE TO 
CLEARER EFFLUENCE. THEIR SECRETION CAN ALSO 
• CONTRIBUTE TO FLOCCULATION OF SUSPENDED .MATERIALS 
•THE BDELLOID ROTIFERS DOMINATE AS PROCESS 
STABILITY IS APPROACHED. (DIFIL-IPPO-TEXAS) 

MICROSCOPIC ANALYSIS OF PLANKTON, PERIPHYTON AND ' 
ACTIVAfCD SLUDGE. TRAINING MANUAL, r ' 

JUN 76 ., - • . . 

BIOLOGICAL SCIENCES; CHEMISTRY; ENVIRONMENT" ' 
*INSTRUCTIONAL MATERIALS; 'ijlBORATORY PROCEDURES ' 
*MANUALS, *MICROBIOLOGY, POSliiiSECONDARY EDUCATION ' ' 
SCIENCE EDUCATION, *WASfE " DISPOSAL WATER 
POLLUTION CONTROL," *WATER .RESOURCES, *ACTIVATED 
SLUDGE,^ *WASTEWATER ' TREATMENT ' " 
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ERIC NO. . ED161715 

DESC-.NOTE .342P. ; CONTAINS OCCASIONAL LIGHT AND SMALL TYPE 
ISSUE ■ RI£MAR7'9 v ,. ..^ . 

ABSTRACT. . THIS MANUAL IS INTENDED FOR PROFESSIONAL PERSONNEL 
"•• IN THE FIELDS OF WATER POLLUTION - CONTROL, 

LIMNOLOGY, WATER SUPPLY . AND WASTE TREATMENT, 
PRIMARY EMPHASIS IS GIVEN. 'TO PRACTICE IN' THE 
IDENTIFICATION AND ENUMERATION OF MICROSCOPIC 
ORGANISMS WHICH. MAY BE ENCOUNTERED IN WATER AND 

.- ACTIVATED SLUDGE. MEfHtfOS FOR THE CHEMICAL AND 

INSTRUMENTAL EVALUATION OF- PLANKTON ARE COMPARED' 
WITH' THE RESULTS OF MICROSCOPIC ' EXAMINATION IN AN 
EXTENSIVE PRACTICAL BTXERCISE. * PROBLEMS OF 
SIGNIFICANCE ' AND CONTROL ARE' ALSO CONSIDERED.- 
(AUTHOR/BB) ' ■ . 

■ ■ 'J 

OPERATION OF WASTEWATER TREATMENT PLANTS: A HOME ■ 
.STUDY TRAINING PROGRAM. ' 
■KERRI, K. , ED, . .:' 
70 . 
DEPARTMENT OF' cJVIL ENGINEERING, GALIFOPJ^IA STATE 

university , at 'sacramento, 6000 - jay street, 
saci^mento,ca 95819 

activated sludge, chlorination, *tnstructional 
. materials, maintenance,. ^^manuals ^ *operations 
■•(wastewater), primary treatment, *post secondary 
Education, pump.s, safety, sedimentation, sludge 

- treatment stabilization lagoons, ■ TRICKLING 
— EtUXERS, .■■*WASTE DISPOSAL, *WASTEWATER TREATMENT 
DESC NOTE REVISED ANNUALLY; ALSO AVAILABLE ON ERIC 

' MICROFICHE 'EDlSOpOS. 
•ABSTRACT WRITTEN BY ^EXPERIENCED' OPERAJORS WITH THE INTENT' 
OF PROVIDING ■ OPERATORS WITH THE INFORMATION THEY 
NEED TO > KNOW TO OPERATE THEIR PLANTS' ,AS 
ETFFICIENTLY . * AS POSSIBLE-. , OPERATORS, PERSONS 
INTERESTED IN BECOMING OPERATORS,. AND PERSONS 
mERESTED , IN THE OPERATION OF TREATMENT PLANTS 
WILL PINT) VALUABLE . INFO . IN THE MANUAL. TOPICS 
TOVERED INCLUDE, . DESCRIPTION OF- PLANTS,. RACKS, 
SCREENS, COMMINUTORS, GRIT REMOVAL, SEDIMENTATION, 
TRICKLING. FILTERS, ACTIVATED SLUDGE, SLUDGE 
.^DISGESTION AND' HANDLING, PONDS, CHLORINATION, 
MAI NTENANCE,- SAFETY, 'math, LAB, RECORD. 

TITLE OPERATIONAL CONTROL PROCEDURES FOR 'THE ACTIVATED 

SLUDGE PROCESS: APPENDIX. " ^ /-V 
•AUTHOR WEST, ALFRED W." i . ' ■ . ■ 

PUB DATE . MAR 74 ■ *' r . 
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EDRS PRICE 
DESC' NOTE 

ISSUE- % • . 
ABSTRACT; 



■ -J^^^ICIANS. ^instruction"^ 

MATERIALS, *JOB SKILLS, LABORATORY TRAINING 
MANAGEMENT, *MEASUREMENT TECHNIQUES poKSSn' 
*POST SECONDARY EDUCATION, WASTE DISPOSAL Sr 
, POLLUTION CONTROL, ACTIVATED SLUDGE tJisTESR 
. TREATMENT, WATER QUALITY ' "^^^^^^ 

ED-1 56-472 

EDRS PRICE MF-$0.83 HC-$2.06 PLUS POSTAGE'. 
rl/r^J- RELATED DOCUMENTS, SEE SE 024 421-423- 
™ CHARTS . MAY NOT REPRODUCE WELL' 

• THIS DOCUMENT IS THE APPENDIX FOR A SERIES' OF 

OPERATIONAL TECHNOLOGY CENTER DESCRIRTNr 
OPERATIONAL CONTROL PROCEDURES F^R THE 
SLUDGE PROCESS USED IN WASTEWATE™ TREaSt 
CATEGORIES DISCUSSED INCLUDE: COi^OL Sl^TA 

pS?s ""''SoiJ'r^' averages:^'mi-lSiSc 

i-LUTb PROBABIUTY PLOT EXAMPLES 1T<5TTMr 
EQUIPMENT AND- SYMBOLS AND TERMInSy! (cs) 

OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATFD 

WEST, ALFRED W. ' 
MAY 74 

^ENVIRONMENT,. ^/nSTRUCTIONAL MATERIALS, *JOB 

SIstoENT^™^^^^^^^ ■ "AnIgeMENT, 
SSSf l.^.^"^"'^' POLLUTION, *POST SECONDARY 
CONrtn^ Vrn^r^^^' " "^^POSAL, . *WATER POLLUTION 
SSr QUAL™ ^WASTEWATER TREATMENT, ^ 

■£0136469 ' ' 

EDRS PRidE Mr-$0.83 HC-$2.06 PLUS POSTAGE. 
. JIP.; FOR RELATED DOCUMENTS,' SEE SE 024 422-424- 

ISSUE - Rizmvis ' 

ABSTRACT. / T^IS .IS. TOE. FIRST IN A SERIES OF DOCUMENTS 

' ' ScEDURF.'.^^ • 

?f uf.T^ir^^^^ ™' ACTIVATED SLUDGE PROCESS' " USED 
' • iiA^^ lr^^ TREATMENT. PART I OF . THI-S- DOCUMENT " 

■ PE^F^RMPD nr^^^^^^^ OBSERVATIONS WHICH SHOULD BE ^ 
PERFORMED DURING EACH ROUTINE CONTROL TEST PART 

■ IRECTTrTn^J?^.' ''''' ARe 'JsedIo ■ 
•• • nrr™ l^^^^lFY PROCESS. PERFORMANCE ' AND TO 

. ■ : . DICTATE. PROCESS CONTROL^ ADJUSTMENTS. INCLUDED ARE 
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centrifuge' tests, effluent turbidity tests and 

DISSOLVED oxygen TESTS.' (OS) 
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OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED 
SLUDGE ■ PROCESS, PART III-A: CALCULATION 
PROCEDURES. 
WEST, ALFRED W.- 
DEC 73 

*CALCULATION, ENVIRONMENT, *INSTRUCTIONAL 

MATERIALS, *JOB *-J5KILLS, LABORATORY TRAINING, 
•MANAGEMENT, MEASUREMENT TECHNIQUES, POLLUTION, 
*POST SECONDA^IY EDUCATION, WASTE'-DISPOSAL, *WATER 
POLLUTION CO^fTROL, *ACTIVATED SLUDGE, *WASTEWATER 
TREATMENT, WATER QUALITY * / 
ED156470 

EDRS PRICE- MF-$0. 83 HC-$3.50 PLUS .POSTAGE. 
56P7V'P0R RELATED DOCUMENTS, SEE SE 024 421-424 
RIENOV78 

THIS IS THE SECOND IN A SERIES OF . DOCUMENTS 
DEVELOPED BY* THE NATIONAL TRAINING AND OPERATIONAL 
TECHNOLOGY CENTER DESCRIBING OPERATIONAL CONTROL 
PROCEDURES FOR THE ACTIVATED SLUDGE PROCESS USED 
IN WASTEWATER TREATMENT. THIS DOCUMENT DEALS ' 
EXCLUSIVELY WITH THE CALCULATION PROCEDURES, 
INCLUDING SIMPLIFIED MIXING FORMULAS, AERATION 
TANK CHARACTERISTICS, ^ ORGANIC LOADING AND 
PURIFICATION PRESSURES, CLARIFIER SLUDGE FLOW 
DEMAND, AND MIXING FORMULA DEVELOPMENT. (CS) 
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OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED 
SLUDGE PROCESS, PART III-B: CALCULATION PROCEDURES 
FOR STEP-FEED PROCESS RESPONSES AND ADDENDUM NO. 

WEST,' ALFRED W. ^ 
FEB 75 

*CALCULATION, ENVIRONMENT,- *INSTRUaTIONAL' 

MATERIALS, *JPB SKILLS, LABORATORY TECHNIQUES, 
MANAGEMENT, MEASUREMENT TECHNIQUES, POLLUTION," 
*POST SECONTiARY EDUCATION, WASTE DISPOSAL, *WATER 
POLfuTION CONTROL, *ACTIVATED SLUDGE, *WASTEWATER 
TREATMENT, WATER QUALITY ' ^ 
EDr56471 , 

EDRS PRICE MF-$0.83 HC-$2.06 PLUS POSTAGE. 
.44P., FOR- RELATED DOCUMENTS, SEE SE,024 421-424 ^ 
"RIENOV78 

THIS IS THE THIRD IN A SERIES OF DOCUMENTS 
DEVELOPED BY THE NATIONAL TRAINING AND OPERATIONAL 
TECHNOLOGY CENTER DESCRIBING OPERATIONAL. CONTROL 
•PROCEDURES FOR THE ACTIVATED SLUDGE PROCESS USED' 
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ABSTRACT 
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IN WASTEWATER TREATMENT. TOIS DOCUMENT DEALS WITH 

S dTro™ mS^' ASSOCIATED 'wi'S^ s'S 
tLLD PROCESS. ILLUSTRATIONS An5 EXAMPLES ARP 

SoS^^rrfS:^'^^ ™^ ACTlS sLuS^E 

L0?ATTnV9 ™. TO GANGES IS WASTEWATER FEED-POINT 

ILLUSTRATES THE TYPES OF 
CHANGES THAT OCCIH^ WHEN A PLUG-FLOW SYSTFM 
SWITCHED TO VARIOUS STEP-FEED CO^SINATIONS (5) 

"-^A^rfS^^^^^^ THE ACTIVATED SLUDGE 

WEST, A. W. ■ 

71 ■ • ' • • 

■ *f "°;^°^ISUAL AIDS, INSTRUCTIONAL MATERIALS 

E^clrfar POLLUTION. *post^econpS 

EDUCATION, WATER POLLUTION CONTROL ' aslDDTF 
|SOLID WASTES, WASTEWATER TREATMENT^,' ' .ACt'iS 

ScSp?\;atAk;p n'"^^ ^'^' 5-^ S^^^^S,- ALSO^' 
bCRIPT. AVAILABLE ON LOAN FROM JiTOTC ?6 u ct ■ 
CLAIR, CINCINNATI, OHIO 45268 ' 
THIS MODULE IS DESIGNED FOR WASTEWATER uhuwcr 

Sd'T'lss.?''^ ^° "^^^^ p^MrjSoRZS- 

ms IS p2f^n,^™nJ^ OWN^ KNOWLEDGE AND SKILLS. 
S OPeLtt^Vat '^nv^ ^ IHREE-PA5T LESSON SERIES, . 
UN OPERATIONAL .CONTROL TESTS) FOR THE ACTTVaTFn 
SLUDGE PROCESS. ENTITLED "A™EmnoNS •• ms 

Or™M'n'°'™° ACcS'reaSnG . 

'SIde sn™ ™' VISUAL OBSERVATIONS TO BE 

™p rv^tno™^ ^^^^ CHARACTERISTICS ■ 

SLUDGE, COLOR, AND ODOR) AND AT - THE FINAl" 

S^ c'l^LT^.'^'"'' °^ BmG-AlJ, ^^F 

til PROVISIONAL INTERPRETATIONS TO BE 

MADE OF THESE VISUAL OBSERVATIONS ARE PRESEW ' 
AND THE EFFECTIVE USE .OF A SLnnc-^ BLANKET FtS • 
IS DISCUSSED IN DETAIL. ■ (AUmOR/'jT) ^^^™DER. ^ 

OPERATIONAL CONTROL TESTS FOR THE ACTIVATED SLUDTf' ' 
PROCESS ' PART II (XT-Al). ■ ' -^^^^ KLUDGE 
WEST, A. W. ■ . 

71' : ■ . . 

!f."«noy^^"^^ *I?ISTRUCTIONAL^ MATERIALS • ' 

i^A^ir/.^rl''^'' POLLUTION, *POST SECON^i^Y ■ 
*=T ,mJ^ ' "^S^S, WATkR POLLUTION CONTROL 

INcS '^^^f^,^,^^..^^ATMENT, ^ACTIVATED SlSge ' 
INCLUDED IS A 17 MINUTE TABE, 47 SLIDFS amp, a " 

cflJf V."'"'^'^ °^ "-^^ ™ NTOTC, 26 TsT 
CUIR, CICINNATI, OHIO 45268 , w . bT. 
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PERFORMANCE. AND TO INCREASE- THEIR OWN KNOWLEDGE 
•AND SKILLS. THIS IS PART TWO OF A THREE-PART 
LESSON SERIES ON OPERATIONAL CONTROL TESTS FOR THE 
ACTIVATED. SLUDGE PROCESS. . THIS PlART IS A DEJAILED 
'DISCUSSION OF THE PREFERRED- TECHNIQUES INVOLVED IN 
CONDUCTING SETTLOMETER TESTS' TO DETERMINE SETTLING 
CHARACTERISTICS AND IN CENTRIFUGING SAMPLES JO 
DETERMINE* THE CONCENTRATION OF MIXED LIQUOR AND 
RETURN SLUDGE. HANDLING THE RELATED . SAMPLES IS 
INCLUDED ALONG WITH f^OVISIONAL INTERiPRETATIONS 
AND APPLICATIONS OF THE TESTS. (AUTHOR/JK) 

OPERATIONAL CONTROL ^STS FOR THE ACTIVAtaD SLUDGE 
PROCESS - PART III (XT-42). 
WEST, A. W. • . 

n r - • ■ , . ^. . 

.*AUDIOVISUAL ^ AIDS, *INSTRUCTIONAL MATERIALS, 
*llAjB0RAT6RY PROCEDURES, POLLUTION,. ,.*POST SECONDARY. 
EDUCATION, *SOLID- WASTES, WATER" POLLUTION CONTROL,* 
*SLUDGE, WASTEWATER TREATMENT, ■■ *ACTIVATED SLUDGE 
INCLUDED IS A '22 MINUTE TAPE, 67 SLIDES, AND- a" 
SCRIPT. AVAILABLE-ON LOAN "FROM NTOTC, 26 W. ST. 
CLAIR, CINCINNATI, OHIO 45268 .. 

THIS MODULE IS DESIGNED FOR EXPERIENCED WASTEWATER 
WORKS OPERATORS '- WHO WISH TO UPGRADE PLANT 
PERFORMANCE AND TO INCREASE JHEIR OWN KNOWLEDGE 
AND 'SKILLS. THIS IS PART THREE OF A THREE-PART' 
LESSON SERIES ON OPERATIONAL CONTROL ' TESTS " FOR THE 
ACTIVATED SLUDGE PROCESS. THIS.. CONCLUDING PART 
PRESENTS ^ DEVELOPMENT OF ^ " SETTLING ' ' —AND' 
CONCENTRATION CURVES FROM SETTLpMETER . 'AND 
CENTRIFUGE TESTS : RESULTS, TECHNIQUES .-FOR 
CONDUCTING TURBIDITY i , TESTS AS WELL AS .THE' 
SIGNIFICANCE OF TURBIDITY' RESULT^, A SUMMARY. OF 
ALL THE TESTS PRESENTED' IN . THE THREE-PART SERIES, 
THE CONTROL ADJUSTMENTS WHICH ARE MADE ON. THE 
BASIS OF THESE t£ST RESULTS,' AND PROGRESSIVJ) TREND 
CHARTS OF PROCESS CHARACTERISTICS. (AUTHOR/JK) 

OXYGEN ACT^-VATED. SLUDGE CONSIDERATIONS ' FOR 
INDUSTRIAL APPLICATIONS. " ' 

ADAMS, C. E.,' JR.; ECKENFELDER, W. W. , JR.; KOON, 
J. H. ; SHELBY, S. E. , ^ 

AWARE, INC., NASFiVILLE,"TN.. ■ \.z 

AVAILABJLE FROM COPYRIGHT CENTER,. INC., NEW YORK, 
NY...- AS 0065-8812-78-9754-0178 '^'($0.9.5). . IN: 
WATER~1?77, AICHE .SYMPOSIUM SERIES, " VOL 74, NO 
178, EDITED BY G.' F. "BENNETT," P. 93-10!, 1978,' 9 
FIG, 6 REF. ' " 





150 



KEYWORDS 



'ABSTRACT 



TITLE 

AUTHOR 
CORP AUTH 



"i^^^^ ■fj^^^'-'"^ TREATMENT. 
^ WASTE, *0XYGEJ1ATI0N, *BIOLOGirAT 

h5S^^' *^valuation,- waste TREAT^NT 

cSJ^* f ^ CONCENTRATION, ORGANIC 'cOM^SSs' 
SLUDGE, SUSPENDED- ^ SOLIDS, ' ECONOMICS COST^' 
APPRAISALS, INSTALLATION; COSTS. TeStiNG C^STS.' 

A NUMBER OF FACTORS ARE DISCUSSED WHTrw miiqt or 
EVALUATED WHEN ASSESSING SrIStI^e MERITS OF 

■ ASlVAT?D'''s™'''<fv^ 'P^ . oxygen'' 

ALiiVATED SLUDGE SYSTEMS FOR ' • INDUSTRIAT -ii<;p 
; ORGANIC REMOVAL KINETICS MAY PIAy' a' MoS^iJ^OrJIn; 

wTtEs'beSe o'. T'™^^^ WAS^ES'S ffic™ 
THAT - . °^ THEIR Hlffi STRENGTH. IT is SHOWN 

„THAT A HIGHER. DISSOLVED^. OXYGEN 'LE'VEL IN THp 

Tv^f^^ ™ ™^ OXYGEN SYSIIM BECAUSE IT 

indJ tIiI S'S^LSf^ .^™™/acidi". 

iwuublKIAL. WASTE WATERS -IT MAY BE DTFFTrrnT -m 

fs'^X'^^. ^ acceptable . 4s/1eST5' an^ ■ 

iV'DimckSy 'Ji^'p? ° W-SYST^ MAY RESULT- 
u«Tr^ !^! , RETAINING • VOLATILE ORGANICS 

WHIOJ CAN INHIBIT THE SYSTEM. - PURE OXYGEN <y™! ' 

%E HANDiId EFFECTIVELY BY. BOIH sStSs ^F >JS S ' 
rii?^J'S??rl THe'puS^OxJ^^^s'Js^- ' 

sSfFIC^^ TxyG™^^^"" °" .BEING :aBLE 10 SUpS 

OXYGEN SYSTEM COSTS MOrE 10 CONSTRUCT BOT 'STv 
OFFER SUBSTANTIAL. SAVINGS IN OPeSSg ^s?^ 
BASED MOSTLY ON THE POWER REQUIrS^ a2ie5^ : • 

^^'X^^^SS^ cncentraSo^ Js\^- 

ISSlu°4^P^^r cUlFIERS AT an" 

MUNCH. W., L.; FITZPATRICK. J. A. \ ' 
metropolitan SANITARY DISTRICT OF GREATER . CHICAGO : ' 
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PUB.'DESC ' J[OtjRNitL WATER POLLUTI^^fsr^COOTROL FEDERATION , ^ ■ - 
' . .^VpL 50, NO -2,.' P. 265-276, FEBRUARY, i:978. 10 FIG,' 

:V>2''TAB, 10 R£F., . " * • . . : 

keT^words *activated *s lodge, *settling basins, *hydraulic 
models,' ^solid; wastes, *separation ^ techniques , 
. "\- . ■• suspended , . soli-ds , ^ .hydraulics , - effluesh". streams , 
performance', waste water trealm£nl^> municipal.. • 

;** WASTES. ' ' ' ■•^.r;-^-*^'! \' .' ' ' 

ABSTRACT THE PERFORMAS'GEP 'Q*F A 3 8 >i-DiAM CIRCULAR 
CENTER-FEED- cb^LFIER -WyVS EVALUATED UNDER VARYING 
CONDITIONS OF HYDRAULIC AND SOLIDS, LOADING AT AN 
-.ACTIVATED*' SLUDGE TREATMENT FACILITY ' IN -'CHICAGO, 
'ILLINOIS. LIMITING THE EFFLUENT FLOW" ' TO 0. 66 CU 
' M/SEC WITH A .30% RETURN RATE ALLOWED A MAXIMUM / 
SOLIDS LOADING RATE FOR EFFICIENT CLARIFICATION OF"* 
146 KG/SQ M/DAY AT A MIXED LIQUOR CONCENTRATION OF 

• 2,500 ;MG-/LITER. HIGHER .FLOW RATES. WERE POSSIBL€ 
. ' . WHEN' ':TH'E, mixed .liquor content WAS CECREASED-a 

' ' HIGHER SOLIDS LOADING RATE WAS ACCOMMODATED BY-'IHE 

CLARIF'IEr' VHEN THE .' HYDRAULIC LOADING . ..RATE * WAS 
r, .MAyJTAINED BELOW 0*83. CU . M/SEC',^ ^VERIFYING THE 

, ; d'epei^enc'e of solids loading; on HYDRAULIC load. ^N-' 

■ ''INCREASE IN THE THXCKNESS .IDF" %^'^SCUDGE BLANKET, ' 
"■• OCCURRING AT HYDRAULIC*: tOADING IN EXCESS OF 0.83 . 

' V- ' CU M/SEC AT A. 30% „ RETURN, THREATENED THE SOLIDS 

•SEPARATION EFFICIENCY* OF THE ■ CLARIFIER. SLUDGE 
^: ' ^ BLANKET -LEVEL, SOLIDS SETTLEABILITY^ .AND HYDRAULIC ' 

LOADING, ■ REPORTEDLY HAD. . A GREATER IMPACT ON 
CLARIFIER SOLIDS SEPARATION PERFORMANCE THAN, SHOCK 
HYDRAULIC LOADING, . .THE . ACTUAL MAXIMUM SOLIDS - 
■ LOADING' RATE WAS SIGNIF'ICANTLY LOWER THAN THE 

• ' THEORETICAL MAXIMUM. (LISK-FIRL)' 



TITLE ■ . -- PRIMARY TREATMENT AND SLUDGE DIGESTION WORKSHOP. 

PUbUATE ..SE?'77 . 

AVAIL; - .^ ^.PUBLICATIONS CENTRE, ... ONTARIO' ''MINISTRY 'OB 

■. . V' . -^' ■ ' GOVERNMENT S£RVICES , 880 BAY . ST. , 5TH FLOOR, 
. TORONTO,' ONTARIO,. CANADA-'..M7A- ■ 1N8 . :(§2. 00; ORDERS 
MUST. BE ACCOMPANIED BY ■ CHECK OR*. MONEY ORDER 
PAYABLE TO -IHE'^-^TIEASURER OF ONTARIO") ^ 

DESC ^ * *BEHAVIORAL . OB JECTIVES ; *ENVIRONMENTAL "EDUCATION;,^ 
ENVIRONMENTAL TECHNICIANS, EQUIPMENT, JOB SKILIiS, V 
*P0.LLUtlON, SAMPLING, WASTE DISPOSAL, *WATER 
'> POLLUTION. CONTROL, *WORKSHOPS,- ONTARIO, *SLUDGE, 
*WASTEWATER TREATMENT 

ERIC NO. ED 155002 ■ 

EDRS :PRICE EDRS - mCE MF-$0.83 PLUS POSTAGE. HC NOT AVAILABLE 
' " FROM. EDRS." 
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DESC N0Tit :r269P; -FOR RELATED ^roCUMENfsV sEE^ -S 024 226-233 
NOT -ASTAILABLZ IN .HiRi>;, COPY TO COPYRIGHT ■ ' 

^SSSi ^''' '''''''' ^^^^ 

RIEOGT78 ■ . 

Ss?rv^^"^ DEVELOPED .SOR. USE .-AT WORKSHOPS 

DESIGNED TO UPGRADE THE KNOJJLEDGE .OF^ EacPERIENCED- 

'sil^'t^'^^I^'^^'' i^^^ OPERATORS. EAffl OF Se 
SIXTEEN_LESS0.\S HAS {-clearly stated BEHAVIORAL 

■ oR^'^rS"^'.:^ tell. theWrainee what he. shoL S^w 
• IS Siflilv,^*^'''^"^' covered 
SliT^tto; ^ '^"^'^ characteristics; 

sS™?: -™-G -,A.D - control; , ^r.; 

• maSis..'°™ by oxygek-uptake Jand solids..: 

BENEFIELD, .L.- D,; RANDALL, C.„.WVi KING P H. ■ - 

. , MISSBSSIPPI.,:STATE UNIV.. Wi^SiAFstSe ^ DEPT " 
^OF ClVff ENGINEERING. Viy^^''% ^^^^'^^^'. 

, • JOURNAL' water' POLLUTION CONTROL FE-DE^TION - 
^^:Sf!""''- 2498-2503. OCTOBEjly 1975.' 2 FIG, ' 

^SL1?ER1•'%^.n^*°^^^ ANALYSIS. 
^^SSS^TldN. WASTING. SUBSTR..TE 

T?^?fi''vx*^°!:"^- .CONTACT- PROCESSES . WAS^E ' :W4TEr' 
?R?tS^v^' .*^"I^ATEO- SLUDGE. - ANALYSIS. SLOTGE - 
sSSts. ' -^^^^O^.^SANISM. MATJi^^lATICS; CONTROL : 

'raVT^nf^ •^?^°^°S,US§a BY PLANT OPERATORS TO ^ 

D?S?^?U TP."-^^?'^^^^ '^"^''^ PROCESS- - ARE 
DISCUSSED. raE..p,THfiORETICAL- BASIS " - FOR- ' ANOTHER' 

iAS^T-nSJ^' ^°™ages.:over'°™e.^Ss 

WAS,. STUDIED. . FOUR- .CONTROL METHODS- IN COMMON' USE 
O^A.rS'f ^ T?"^''^ ™ ^I^TAIN A CONSTANT MASS OF 
MA?VTA?V . ^' ™^ SLUDGE •■: WASTING- -TX) 

MAINTAIN A CONSTANT SPECIFIC .ilATE OF" SUBSTRATE ■■ 

illnV^Yrf' fi'.^'°'^^ WASTING-TO-MAI^N'TAIN A CONSTANT ' 
tis^TlJ ll.^^' HYDRAULIC . CONTRGL^TO.^-.^UINTAIN A 
sSSf AGc ^? TdE .UST.-;^WO: IN-^ WHICH THE 

SLUDGE AGE IS kept CONSTANT. ARE THE MOST . 

S^'"" ™^ MAJOR .. W^KNESS. S IHESE 

^T?rt ''c™' CONTINUAL SHIFTING IN .THE.sSlDS 
BALANCE BErWEEN- -..mE AERATION. ■ " TA^NK . AND- THE • 
™..-.ER. AS THE -IN-FLUENT FLOW ■ R.-^TE'-'DE^ruTES. M ' 
NtV. METHOD IS PROPOSED IN WHICH , me--' spi?roS-"--| 
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SEPARATE AT. A " RATE SUCH ' THAT THE SOLIDS 
CONCENTRATION IS MAINTAINED IN TH^ SLUDGE RETURN- 
LINES AND NO .HICRDBUL GROWTH OCCURS IN THE 
SECONDARY CLARIFKR. ADVANTAGES ." OF THIS METHOD 
INCLUDE: THE EFFECT OF THE FLUCTUATING SOLIDS 
LEVEL IN THE' SECONDARY CLARIFIER IS MINIMIZED; ANY 
CHANGE IN THE ' INFLUENT SUBSTRATE . CONCENTRATION 
WILL BE REFLECTED IMMEDIATELY IN .THE OXYGEN UPTAKE 
RATE; AND LOAJ)ING FLUCTUAriONS CAN BE COMPENSATED 
FOR BY ■• VARYING THE INTERVAL .BETWEEN. CONTROL 
PERIODS. DISADVANTAGES OF THIS METHOD INCLUDE:' THE 
REQUIREMENT FOR A LABORATORY STUDY TO DETERMINE 
CHANGES IN, THE CONSTANTS; MORE OPERATOR ATTENTION^ 
THAN IS .REQUIRED' IN THE HYDRAULIC METHOD FOR/ 
CONTROLLING ' SLUDGE AGE;; :. AND MATHEMATICAL 
MANIPULATIONS ARE REQUIRED THAN IN ■ ANY OTHER OF 
.THE METHODS. (PINTO-FIRL). ..... 

PROCESS CONTROL DEMANDS - FART A (XT-eO) 
WEST,. A-/ . ■ • 

NOV. 72 ; ' 

*AUDIOVISUAL AIDS; *INSTRUCTIONAL . MATERIALS; 
POLLUTION; *POST -SECONDARY EDUCATION; SLIDES; 
WASTES; ' *WATER POLLUTION CONTROL, *ACTIVATED 
SLUDGE, *OFERATIONS '.(WASTEWATER) 

INCLUDED- IS A 10 MINUTE TAPE, -.19 SLIDES, AND A 
.SCRIPT/ AVAILABLE ON LOAN ' FifOM NTOTC, 26 W. ST. 
CLAIRV CINCIMJATI, OHIO 45268 

'THIS MODULE IS -DESIGNED FOR EXPERIENCED WASTEWATER 
■WORKS -'operators WHO DESIRE TO ' UPGRADE PLANT, 
PERFORMANCE AND TO INCREASE* THEIR OWN KNOWLEDGE 
AND SKILLS. PROVIDED IS AN INTRODUCTION TO -A 
SERIES ; ON OPERATIONAL CONTROL OF /aN ACTIVATED 
SLUDGE PROCESS. A PLANT SCHEMATIC IS USED TO . 
PRESENT' THE , EFFECTS OF. RETURN SLUDGE , FLOW 
ADJUSTMENTS ON- ' SLUDGE CONCENTRATIONS , ' SLUDGE 
DETENTIOlJ .TIMES, PROCESS .EQUILIBRIUM, SLUDGE 
CHARACTERISTICS, AND . FI,NAL EFFLiJENT. . QUALITY. 

(AtrrHOR/JK) • ^ 

PROCESS CONTROL DEMANDS - PART B (XT-61). ■ 
WEST, A.^ 

NOV 72 ■ . 

*AUD'iOVISUAL aids , • *INSTRUCTIONAL MATERIALS , 
POLLUTION, *POS*T .SECONDARY EDUCATION.,:. *TECHNICAi 
EDUCATION, .*WATER POLLUTION CONTROL, . *PLANT. 
OPERATIONS i."' *WASTEWATER TREATMENT, SLUDGE , 
*ACTIVATED SLUDGE.. 
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DESC NOTE INCLUDED IS A 15 MIMUTE TAPE AND A SCRIPT 
AVAILABLE .ON LOa/j FROM. NTOTC, 26 -W.'sT CLATR 
CI Ncm-ATI, OHIO '45268 ., ' 

THIS .MODULE JS DESIGNED FOR EXPERIENCED WASTEWATER 
WORKS OPERATORS WHO WISH TO UPGRADE 

AND SKILLS. ONE OF . A SERIES, THIS MODULE PRESENTS 
™^ c'L'-'f °' '^"^^ ™AT WILL BE USEQ 

•■^;no^^^^'^-''^- SECTIONS TO DEVELOP THE RETURN^ 

" rn^rSr ""^"^^ "^^^ " OPERATIONAL 

CONTROL OF .AN ACTIVATED SLUDGE PROCESS A 

P^SS'^i.n' "i^^ ILLUSTRATE COMPONENTS Of' THE 
FORMUU .AND TO ... DEVELOP .A FINAL MASS BALANCE RATIO' 
Or RETURN SLUDGE .CONCENTRATION TO MIXED LIOUOR 
CONcf??TRATION, IN TERMS OF CLaRIFIeT slv^i 
, PERCENTAGE. SIMPLE MIXING- FORMUL^ Le SeN 
' DERIVED FOR EACH OF IHE THREE FACTORS ALONG S 
EXAMPLE CALCULATION'S. (AUTHOR/JK) ALur.l,wxJH 

■ ^A?n?TT.<:^^cnl'^c '^^^"AL: WASTEWATER TREATMENT- 
FACILITIES FOR SEWERED SMALL COMMUNITIES 
LEFFEL, R. E.; AND OTHERS ' ' 
OCT 77 - 

■ ■S?'pjf""'''^;„,,.,. ENVIRONMENT. ■ *INSTRUCTIONAL ., 

■ ^nr™.'- -^^^^S, POLLUTION, *POST SECONDAiJY ' 

■ *uiTf5?'= ^^T^^ EDUCATION, TECHNICAL REPORK, 
rSSpm nW!'^^"- DISPOSAL,. WATER POLLUTION 

■CONTROL, WATER RESOURCES ,. ^WASTEWATER TREATMENT 
.. *OPERATIONS (WASTEWATER), RURAL AREAS 
EDi62869 

EDRS PRICE MF-$l.c/o HC-$26. 11 PLUS POSTAGE. " ^ 
•■■ rI eSr79°^ .RELATE^ DOCUMENTS, SEE SE 025/368-370 ' ' 

^^Snnf'^'^'n™'^"^ ^ DESCRIBE NEW .TREATMENT." 

METHODS .•■•.AND DISCUSS • THE . APPLICATION . OF NEW 
,• J^^!:^J?°^2^/0^ "ORE EFFECT.IVELY REMOVING A BROAD - 
SPECTR^ OF CONTAMINANTS FROM WASTEWATER. TOPICS ' ' 
COVERED INCLUDE: • FUNDAMENTAL DESIGN " 

SSifr?^?°''.V 0/'°'' EQUALIZATION. HEADWOrL :. 
"-"S^iSn '.Tnr^^'^'^^"°^ WASTEWATER,." / 

tJ^Sv^ -Jc^' PACKAGE ^PLANTS.: FIXED GROWTH 
bYSTEMS. WASTTrfATER • TREATMENf .PONDS. FILTRATION ' ' 
AND^.^ICROSCREENING^ PHYSICAL-CHEMICAL TREATMENT > 

REMOVAL. -.SLUDGE AND ^PROCESS SIDESTREAI^-- 
riANDLING. ..DISINFECTION AND POS ITERATION. OPERATION-. 
AND^ .MAINTEnIn-CE. AND COST : EFFECTIVENESS. J -' 
GLOSSARY -^S ALSO -IMCLUDED. (AUTrftiR/BB) ' •- 

CAMP. DRESSLER> MCKEE. INGj^^BOSTON. MASS./ - 
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■■ ■ - ^ .-■ ~ ■ ■ 9 .. ^• 

^ ■ TITLE • ROLE OF ACTIVATED SLUDGE FINAL SETTLING TANKS, 

AUTHOR'' * • '.DI-CK, RICHARD I. 

.CORP AUTH. ■ ILLINOIS UNIV., URBANA. DEPT. .OF CIVIL 
ENGINEERING. 

.. AVAIL JOURNAL OF ,IHE SANITARY ENGINEERING DIVISION,- 

/ _ ASCE, VOL 96, NO SA2, P 423-436, APRIL 1970'. 

■ 10 FIG, 17 KEF..- . * . ■ .. 

IDEN ; .*THICKE?^iNG, *FINAL SETTLING TANK, *FLUX " rATE, " 

CLARIFICATION^ SUSPENDED SOLIDS. 

'KEYWORDS *ACTIVATED- SLUDGE, SEWAGE ' TREATMENT, ' 

SEDIMENTATION, *WASTE WATER TREATMENT. 
ABSTRACT THE' FINAL ^^'S^rrTLlNG TANK • IN THE ACTIVATED SLUDGE- ' 
^PROCESS HAS TWO FUNCTIONS: . CLARIFICATION AND 
THICKENING." CONVENTIONAL DESIGN" PROCEDURES. HAVE 
CONSIDERED ONLY THE CLARIFICATION FUNCTION. 
- ' ' . ■ HOWEVER, INADEQUATE PERFORMANCE OF THICKENING 

• FUNCTIONS PRODUCES -ADVERSE EFFECTS., . INCLUDING: " 
LOSS OF . SUSPENDED SOLIDS TO THE •Ve^'FLUENT AND 
INSUFFICIENT SUSPENDED SOLIDS CONCENTRATION IN THE 
. SLUDGE. RECYCLE WHICH LEADS ^ TO LOWER 'MIXED Ig^ilUOR; 
SUSPENDEI> .^SOLIDS ^ CONCENTRATIONS; IN \tHE AqK'ioN'^ 
TANK/ TO;. ASSURE PROPER ' PERFORMAN£e. "'OF THE TjNAL 
/ ' - 1 ^ SETTLING TANK THE TANK SHOULD BE SIZED FOR""eACH 

" function. and the larger s^ze should govern --.the ' 

design. . the , area required for thickening must -be 
, ^sufficient so that solids are, applied to the tank 
at a rate less than the rate * at which solids are ' 
able to. reach the bottom of the . tank. the rate 
which biological. solids - reach thc bottom of the 
'■•'tan'k is terme&:. -the flux rate. characteristically, ' ■ 
' ' '. this - flux -rate passes througl a minimum -for some 
; 'concentration of activated sludge present "in the 

. ^ settling tantc. this minihum^-flux- rate acts' as a - 

.,-^:r'.^ \ : BOTliENECk ' AND . GOVERNS ./THE"- "AREA: * 'REQUIRED 'FOR 
'THICKENING v SE.V£RAL.,J^THOBS''' FOR DETERMINING THE 
^ LIMITING CAPA.CITY' AtlE ' GIVEN IN . AN ILLUSTRATIVE 
- ^ ■ O'. EXAMPLE. CDL?ILIPPO--TEXAS) " - ' 

• TITLE; : SEWiiJCE TREATMENT: BASIC- PRINCIPLES AND TRENDS; 

AUTHOR BOLTON, R. L.J'^KLEIN, L. 

•, ■..-•■.7.6,.....,^:..,. \, . - .■ ■ 

^'•^ AVAIL ANN ARBOR SCIENCE" PUBLISHERS, P.O. BOX 1425, ANN 

■ ARBOR, MI 43.1.06 

DESC -CALCtlLATipN, ■ . *CHEMICAL ANALYSIS, CHEMISTRY, 

ENVIRONMENTA-L " INFLUENCES, *INSTRUCTIONAL . 

■ # MATERIALS.,' MEASUREMENT 'TECHNIQUES,- POLLUTION,'- 
*POST SECONDARY .EDUCATION, *PUBLIC HEALTH, . *WASTE " 
DISPOSAL, WATER QUALITY, *WATER POLLUflON^ CO,\TROL,' 
. ■ ' *OPERATIONS (WASTEWATER), "*WASTEWATEIj^_.f REATMENT . 
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PROVIDED IS INFORMATION ON THE BASIC PRINCIPLES OF 
m PROCESSES OF. SEWAGE TREAT^ffiNT: ESPECIALLY AS 

iJp'^p^" ™' ^"^''-^^ °^ s^aS Si^N? 

^Lt^!P- °^scusses- the nature of- sewage and. 

Sf^iS^^^"^^^^- AND, THEN. PROCEEDS THROUGH THE 

treai>ient, processes.- .-to., final disposal, the last 

CHAPTERS deal WITH CURRENT TRENDS IN ^HE SelSIf 
water pollution . CONTROL AND WITH . CHEMICAL 
CALCUIATIONS. CONVERSION TABLES FOR BRl'tlSH METRIC 
UNITS ARE INcfuDED IN THE APPECfDIX. 

■■SEWAGE ■ TREATMENT PLANT DEPENDABILITY^ WITH SPECIAL 
r:. REFERENCE TO THE ACTIVATED SLUDGE PROCESS 
WEST, A. W. ■• ■■ ■ _ 

NATIONAL FIELD INVESTIGATIONS CENTER - CINCINNATI 
OHIO* ' 

AVAILABLE . .FROM THE NA-TIONAL TECHNICAL INFORMATION 
SERVICE, SPRINGFIELD, VA 22161. AS PB-SrSS 
1971. Sl-^^ O0PY./$2,25 IN MICROFICHE, MARCH. - 
*S««AGE TREATMENT, *DESIGN CRITERIA, ^*OPERAXION 
^t^t'.''^^^'"^' facilities,- *AcflvlTED SLUDGE." 
11^^^^ TREATMENT, WATER .POLLUTION CONTROL 
WATER QUALITY CONTROL, *fREATMENT FACILITIES 
*WASTE WATER TREATMENT. ^AUiLlTIES, 

'^IL ■ ^ REFERENCE FOR SEWAGE TREATMENT 

S^^nSf ^'"fv'"-'^ "^""^^ PRESENTED AT TRAINING 
^nx^f. ' SYMPOSIA, , AND WORKSHOPS. DESIGN ■ 
CONSIDERATIONS.- NECESSARY TO ACHIEVE CONSISTENTLY 
nnL fi^"°^^ ^^ PERFORMANCE AND FINAL . EFFLUENT 
QUALITY INCLUDE THE. PROPER TREATMENT PROCESSES I 
PLANT' CAPACITY,,. ESSENTIAL FLEXIBILm^ 
.■ AND TRUE C6.NTR0LLABILITY -OF -THE PLANT THE 
TREATMENT. PROCESS OR MODIFICATION MOST APPROPRIATE 
TO THE KNOWN - WASTE CHARACTERISTICS AND EFFLUENT 
' REQUIREMENTS SHOULD BE CHOSEN. ' EXAMPLES 

; INCLUDE THE CLASSIC ACTIVATED SLUDGE PROCESS THE 
■C9MPLETE MIX. MODIFICATION AND. THE STEP AErItION ' 
- MODXFICATION. PILQT STUDIES ON,: A..BENCH- PILOT OR • 
scale:, MAY BE PERFORME^'lO SlSI 
UNCERTAINITIES ABOUT THE CORilECT PROCESS TO 
■CHOOSE. THE SUGGESTIONS CONTAINED IN DESIGN 
'c^^i^^T^ MANUALS,, SUCH. AS THE- " 10-STATES STANDARDS" 
♦rE CONSIDERED AS MINIMUM REQUIREMENTS 

S™^- ^ ADEQUATE SAFETY FACTORS TO 

- tpSf™"^ ITEMS DISCUSSED UNDER 

^^T^.r°^i INCLUDE: PROCESS; AERATION 

: . .T/_V^^.; 'EI.i.Ai:.,:'aARIFIERS; RETURN' SLUDGE PUMPING 
..1?ftP:TT.TTTPQ>.-. .g^f^S SLUDGE WASTING; .EMERGENCY 
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CHEMICAL TREATMENT; SLUDGE • HANDLING FACILITIES; 
EQUAU-2ING TANKS; "AND HOLDING PONDS. THE ACTIVATED 
SLUDGE- SYSTEM IS A CONTROLLABLE . PROCESS THAT 
SHOULD HAVE THE APPROPRIATE METERS AND ACCURATELY 
CONTROLLABLE GATES, VALVES, PUMPS, AND BLOWERS FOR 
OPTIMUM PERFORMANCE. 'QUALIFIED^nDPERATORS ARE 
NEEDED TO ACHIEVE THE HIGH QUALITY - EFFLUENT THAT 
CAN BE- PRODUCED BY A PROPERLY DESIGNED WASTE. 
TREATMENT PLANT; INDICATED, EXPERIENCED OPERATORS' 
ARE NEEDED, EVEN MO RE.. AT. PLANTS WHICH HAVE -DESIGN 
DEFECTS. "(ORR-FIRL)*^''^ . ' * 
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START-UP... • MUNICIPAL - WASTEWATER ' TREATMENT 
FACILITIES. ' 

RADfRV 5 ^^N, R.\L.; PAGE, G. L. ,,JR-. 

WILEY AOT WILSON,' -INC.. ,.iLXNCHBURG, VA . 
FOR SALE-'BY THE, SUPERINTENDENT GF ^DOCUMENTS,'' ^U.S.' 
GQ:VERNMENT' PRINTING OFFICE, WASHINGTON, D.C 20402 
PRICE ' ENVIRONMENTAL. 'PROTECTION- AGENCY, 

WASHINGTON, DC,- ■OFFICE ..OF WATER- PROGRAM .'OPERAKON, 
REPORT EPA-4-3QI9-74r008,- ./DECEMBER 1973:' -'921^ 3 
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TRAiNING, SETTLEABLE. S'OLIDS , TOTAL SOLIDS., 
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